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►  CHEAT  .  .  .  The  radio  industry  has 
never  been  any  rose  when  it  came  to 
telling  the  absolute  and  complete  truth 
to  prospective  purchasers  of  receivers. 
There  is  no  purpose,  perhaps,  in  calling 
any  one’s  attention  to  faults  or  dis¬ 
advantages  in  one’s  product — but  it  is 
equally  as  dangerous  to  brag  about  ad¬ 
vantages  that  do  not  exist.  Frequency 
modulation  is  a  case  at  point. 

A  radio  receiver  into  which  an  exter¬ 
nal  f-m  converter  can  be  plugged  will 
not  receive  f-m  programs  any  more 
than  a  radio  receiver  with  a  phono- 
jack  will  play  records.  Something  else 
is  necessary.  Any  claims,  implied  or 
explicit,  to  the  contrary  merely  react 
upon  the  poor  dealer  who  sold  the  poor 
customer  the  poor  set. 

Now,  it  is  our  idea  that  f.m.  has  the 
following  advantages  over  a.m.  It  is 
wide  band  which  means  high  tone  fidel¬ 
ity.  It  is  free  from  man-made  and  nat¬ 
ural  static.  It  is  free  from  inter-station 
interference.  The  public  has  come  to 
believe  f.m.  represents  these  advan¬ 
tages.  Anything  less  than  these  ad¬ 
vantages  will  come  close  to  fraud  in 
the  minds  of  the  public. 

The  transmitters  and  the  allocations 
in  the  ether  will  provide  these  advan¬ 
tages — but  it  will  be  the  receiver  people 
who  will  throw  them  away,  if  they  are 
lost.  The  wi  de-band  feature  requires 
a  good  amplifier  and  a  good  speaker. 
Anything  less  will  debauch  one  ad¬ 
vantage.  Poor  antenna  installations 


naturally  will  ruin  another  ad¬ 
vantage.  No  limiter  or  poor  limiter 
will  ruin  still  a  third  advantage — the 
ability  to  get  interference-free  signals 
from  transmitters  so  spaced  in  the 
ether  that  the  2-1  ratio  between  desired 
and  undesired  signal  strength  may  be 
utilized. 

All  of  these  advantages  taken  together 
mean  f.m.  to  the  public  and  the  buyer 
of  a  set  which  does  not  possess  all  of 
them  gets  stuck. 

Incidentally,  signals  from  Zenith’s 
Chicago  f-m  transmitter  were  heard 
with  considerable  amazement  and  much 
listening  pleasure  by  one  of  Elec¬ 
tronics’  editors  recently  in  New  Jersey; 
and  contrary  to  our  recommendations 
an  editor  of  Business  Week  took  an  f-m 
receiver  to  his  summer-place  way  down 
in  Pennsylvania.  He  is  delighted — 
gets  Paxton  like  a  house  afire,  and 
Alpine  like  a  ton  of  bricks.  We,  on 
Long  Island,  enjoy  the  Yankee  Net¬ 
work  news  and  weather  bulletins  from 
Paxton  without  a  hitch.  Who  said 
f.m.  was  only  good  for  short  distances? 

►  HELP  ...  In  the  first  issue  of 
Electronics,  long  ago,  it  was  stated 
that  the  paper  hoped  to  become  a  camp¬ 
fire  for  council  and  a  meeting  ground 
for  a  mutual  exchange  of  helpful  in¬ 
formation  among  its  readers.  It  seems 
to  us  that  if  ever  our  hope  comes  true, 
the  time  is  at  hand.  Lack  of  materials, 
of  man  power,  of  time  are  going  to 


work  very  severe  hardships  on  many 
an  electronics  manufacturer  unless 
engineers  find  ways  to  save  these  basic 
building  blocks. 

-  Electronics  will  be  most  happy  to  be 
the  meeting  ground  in  which  one  engi¬ 
neer  can  tell  all  the  others  how  he  has 
saved  time,  effort,  materials,  or  money 
or  has  made  an  existing  piece  of  equip¬ 
ment  last  longer,  or  has  found  a  substi¬ 
tute  for  material  now  needed  more 
urgently  for  national  defense  than  for 
home  or  auto  radios. 

►  84  ...  We  are  happy  to  announce 
that  Nikola  Tesla  has  just  celebrated 
quietly  and  happily  his  84th  birthday. 
According  to  the  papers  he  is  working 
on  a  new  development;  refuses  to  talk. 

►  SQUEAL  .  .  .  Announcement  by 
Muzak,  city-wide  distributor  of  restau¬ 
rant  music  by  wire  in  New  York  City 
that  a  license  had  been  secured  to  erect 
a  117  Me  1000-watt  transmitter  at 
5th  Avenue  and  42nd  Street  for  pur¬ 
poses  of  broadcasting  advertising-free 
music  to  renters  of  receivers  is  a  most 
interesting  invitation  to  watch  an  ex¬ 
periment.  The  signals  will  have  a 
squeal  on  them  so  that  the  non-Muzak 
receivers  cannot  receive  the  music. 
This  will  probably  excite  a  still-hunt 
for  a  method  of  circumventing  the 
squeal — but  anyhow  the  experiment  is 
worth  watching.  Needless  to  say  the 
transmitter  will  be  frequency  modulated. 
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By  L.  C.  SIGMON 

Ki'MO  Krnadvattting  Co. 
Kansas  City,  Mo. 
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KCMO'b  S-kw  transmitter  plant  showing  directional  antenna  array 


The  widespread  interest  shown 
in  5-kw  installations  using 
directional  antennas  for  increased 
power  operation  has  prompted  the 
following  description  of  KCMO’s 
transmitting  plant  and  unique  di¬ 
rectional  antenna  array. 

The  first  problem  encountered  was- 
the  selection  of  a  suitable  transmit¬ 
ter  site  which  had  to  be  located  due 
east  of  downtown  Kansas  City,  Mo., 
in  order  to  give  proper  protection 
to  four  other  stations  operating  on 
the  same  frequency.  The  trans¬ 
mitter  site  had  to  be  located  within 
narrow  limits.  It  was  necessary 
that  at  least  seven  acres  be  avail¬ 
able,  preferably  on  open,  level  ground 
to  minimize  the  cost  of  grading  and 
removing  any  old  buildings.  The 


site  selected  had  to  be  sufficiently 
distant  from  Kansas  City’s  metro¬ 
politan  area  so  that  the  250  mv/m 
contour  w^ould  not  contain  more  than 
1  percent  of  the  total  metropolitan 
population  and  yet  a  signal  greater 
than  25  mv/m  was  required  in  the 
downtown  business  district.  A  field 
intensity  survey  of  a  site  near  Kan¬ 
sas  City’s  industrial  district  indicated 
satisfactory  ground  conductivity, 
and  in  addition  it  was  near  power 
and  telephone  facilities  and  clear  of 
airlanes. 

Intfallation 

In  the  design  of  the  complete  in¬ 
stallation  the  main  purpose  was  to 
design  as  efficient  an  installation  as 
possible  within  a  reasonable  cost. 


All  plans  for  the  construction  of  the 
transmitting  plant,  antenna,  and 
ground  system  were  designed  and 
drawn  by  the  KCMO  Engineering 
Department,  which  also  supervised 
the  construction.  The  type  of  con¬ 
struction  used,  made  it  unnecessary 
to  have  a  basement.  Waterproof 
troughs  in  the  flooring  were  used  to 
carry  the  power  wires,  transmission 
lines,  etc.  These  troughs  were  lined 
with  No.  18  gauge  copper  which  was 
also  used  for  the  main  ground  sys¬ 
tem  in  the  transmitting  building. 
The  troughs  were  built  in  the  rein¬ 
forced  concrete  floor  and  covered 
over  with  removable  steel  plates. 
The  floor  of  the  entire  transmitting 
building  is  covered  with  inlaid 
linoleum,  so  arranged  tha't  the  steel 
plates  can  be  removed  without  tak¬ 
ing  up  the  linoleum.  The  trans¬ 
mitting  building  is  heated  by  gas 
steam  radiators  next  to  the  side 
walls  thereby  simplifying  the  heat¬ 
ing  problem.  The  5000-watt  water¬ 
cooling  system  is  arranged  so  that 
a  certain  amount  of  heat  can  be  re¬ 
flected  into  the  transmitting  plant 
when  needed.  This  helps  reduce  the 
heating  cost.  Large  windows  com¬ 
pletely  enclose  the  main  transmit¬ 
ting  room  giving  excellent  daytime 
lighting.  Although  the  transmit¬ 
ting  building  measures  only  30  feet 
by  20  feet,  it  is  sufficiently  large 
for  convenient  operation.  Most  of 
the  furniture  such  as  chairs,  desks, 
etc.,  is  of  metal  construction.  Special 
precautions  were  taken  to  ground 
all  metal  objects  in  the  transmitter 
building.  A  3-inch,  No.  22  gauge 
copper  strip  enclosed  in  the  brick 
walls  w’as  used  for  grounding  the 
metal  objects,  and  all  connections 
were  welded. 

The  transmitter  operating  desk  is 
directly  in  front  of  the  transmitter 
with  its  speech  and  monitoring 
equipment.  The  monitoring  loud 
speaker  is  mounted  on  the  ceiling 
three  feet  in  front  of  the  operating 


5-K  W  TRANSMITTER 

Problems  encountered  in  installing  a  modern  broadcasting  station.  A  three-element, 
directive  antenna  for  operation  on  5-kw  which  can  be  switched  to  a  one-element,  non- 
directional  antenna  working  at  1-kw  is  discussed 


desk.  Mounted  on  the  operating 
desk  is  the  master  control  panel  con¬ 
taining  four  remote  r-f  antenna  me¬ 
ters,  overmodulation  lamps,  gain 
controls,  vu  meter  and  other  addi¬ 
tional  switches.  Two  relay  cabinets 
containing  speech  equipment,  fre¬ 
quency  monitor,  modulation  monitor, 
distortion  meter,  audio  oscillator, 
etc.,  are  mounted  one  on  either  side 
of  the  transmitter. 

Directional  Antonno  Dotiqn 

A  great  deal  of  consideration  was 
given  to  the  design  of  the  antennas 
and  their  ground  system  for  maxi¬ 
mum  radiation  efficiency.  Approxi¬ 
mately  twenty-four  miles  of  No.  14 
gauge  copper  wire  was  plowed  into 
the  ground  at  a  depth  of  six  to  eight 
inches.  The  wire  is  spaced  every 
two  degrees  and  extends  out  170  feet 
or  one-quarter  wavelength.  The 
ground  wires  running  between  tow¬ 
ers  are  spaced  approximately  one 
foot  apart,  and  each  wire  is  welded 
to  a  three-inch  copper  strip  running 
down  the  center  from  tower  to  tower. 
This  strip  extends  to  the  transmit¬ 
ting  plant  and  is  connected  to  its 
main  ground  system.  The  outer  ends 
of  all  ground  wires  are  connected  to¬ 
gether,  and  soldered  to  five-foot  cop¬ 
per  ground  rods  driven  into  the 
ground  at  regular  intervals.  Under 
each  tower,  is  a  34-foot  galvanized 
screen  netting,  placed  on  top  of 
crushed  rock,  and  connected  to  the 
main  ground  system.  Galvanized 
netting  is  used  instead  of  copper 
netting  because  it  has  nearly  the 
same  efficiency  at  the  lower  frequen¬ 
cies  and  affords  a  considerable  sav¬ 
ing  in  cost. 

The  line  of  towers  for  the  direc¬ 
tional  array  is  72  degrees  clockwise 
from  true  north.  The  location  of 
the  line  of  towers  was  quite  critical, 
and  it  was  necessary  to  take  a  solar 
reading  during  the  day  on  the  sun. 
As  a  double  check,  a  reading  was 
taken  on  the  North  Star.  It  was 


rather  interesting  to  find  that  these 
two  readings  checked  within  a  half¬ 
inch  in  300  feet. 

The  center  antenna  of  the  direc¬ 
tional  array  is  a  copper  cable  sus¬ 
pended  vertically  halfw’ay  between 
the  two  towers.  Insulators  are  in¬ 
serted  at  frequent  intervals  in  the 
messenger  cable  w'hich  is  fastened 
permanently  to  the  top  of  the  west 
tower,  and  connected  to  counter¬ 
weights  at  the  east  tower.  Each 
element  of  the  antenna  system  is 
spaced  one-quarter  of  a  wavelength 
apart.  All  three  elements  of  the 
directional  array  are  used  after  local 
sunset.  During  the  daytime  hours 
when  operation  is  non-directional, 
power  is  fed  to  the  center  antenna 
only.  It  was  first  thought  that  it 
would  be  necessary  to  detune  the 
two  end  antennas  supporting  the 
messenger  cable  to  secure  a  non- 
directional  pattern,  but  it  was  found 
that  it  was  only  necessary  to  ground 
the  tw'o  end  antennas.  This  simpli¬ 
fied  the  circuit  for  switching  from 
directional  to  non-directional  opera¬ 


tion.  Under  the  center  antenna  two 
antenna  tuning  units  are  mounted. 
One  houses  the  antenna  coupling 
unit  for  non-directional  operation. 
The  other  houses  the  directional  an¬ 
tenna  terminating  and  relay  equip¬ 
ment.  Only  one  terminating  unit  is 
necessary  at  each  end  antenna.  All 
antenna  units  contain  the  necessary 
relays  in  making  the  change  from 
directional  to  non-directional  opera¬ 
tion  or  vice  versa. 

TraiKinisiioR  Lines 

Two  transmission  lines  feed  the 
antenna  system.  One  is  a  5-inch  con¬ 
centric  line  buried  approximately  3A 
feet  in  the  ground,  which  is  below 
the  frost  level  in  this  section  of  the 
country.  It  goes  directly  into  the 
brick  building  located  ten  feet  south 
of  the  center  antenna.  This  build¬ 
ing  contains  all  power  division  and 
phasing  units  for  the  directional 
array.  The  transmission  lines  feed¬ 
ing  the  two  end  antennas  and  center 
antenna  for  directional  operation  are 
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Field  pattern  of  the  directional  antenna  syi- 
tem  indicating  direction*  to  protected  stations 


The  ground  system,  consisting  of  24  miles  of  No. 
14  copper  wire  buried  8  inches  in  the  ground 


heat  rays  of  the  sun;  second,  the 
line  is  protected  from  rain  which 
in  the  case  of  a  thunder  shower  on  a 
hot  day  would  cause  the  line  to  con¬ 
tract  rapidly;  and  third,  the  guard 
serves  to  protect  the  line  against 
objects  that  might  accidentally  come 
in  contact  with  it.  The  transmission 
line  is  easily  accessible,  it  being 
necessary  only  to  remove  the  screws 
that  hold  the  boards  in  place.  This 
transmission  line  is  also  filled  with 
dry  nitrogen  gas,  but  has  not  held 
the  gas  as  well  as  the  buried  line 
apparently  because  the  line  was  as¬ 
sembled  in  zero  weather,  and  it  was 
almost  impossible  to  get  a  good 
sw’eated  joint.  The  large  concentric 
transmission  line  is  being  used  to 
feed  power  from  the  5000-watt  or 
the  1000-watt  amplifier  in  case  of 
emergency  by  means  of  a  relay  to  the 
non-directional  antenna. 

The  safety  factor  of  all  trans¬ 


mission  lines  is  such  that  presence 
of  gas  is  not  required  for  insulation. 
However,  it  does  increase  the  safety 
factor.  Every  precaution  has  been 
taken  in  the  design  of  the  antenna 
system  to  protect  it  from  lightning 
and  static  electricity.  All  r-f  meters 
that  are  not  read  continuously  are 
shorted  out  by  means  of  a  low  resist¬ 
ance  shunting  switch.  These  switches 
have  undoubtedly  saved  a  number  of 
meters  during  electrical  storms. 

A  Western  Electric  2 A  phase 
monitor  was  found  to  be  most  help¬ 
ful  in  making  the  initial  directional 
antenna  adjustments.  With  this  in¬ 
strument  it  is  possible  by  means  of 
sampling  loops  mounted  on  each 
tower  to  read  the  current  ratio  and 
phase  of  any  antenna  combination. 
Where  all  phasing  and  power  divided 
networks  are  centrally  located,  it  is 
a  simple  matter  to  make  directional 
antenna  adjustments. 


also  5-in  concentric  lines.  These 
may  be  used  either  for  feeding  the 
center  antenna  power  for  directional 
or  non-directional  operation  in  case 
of  emergency.  The  change-over  is 
made  by  means  of  r-f  relays.  The 
transmission  lines  are  filled  with 
dry  nitrogen  gas  at  a  pressure  of  35 
pounds  per  square  inch  to  increase 
the  breakdown  safety  factor  as  well 
as  to  prevent  condensation  forming 
within  the  lines.  The  i-in  transmis¬ 
sion  line  running  from  the  transmit¬ 
ting  house  to  the  center  phasing 
house  which  is  nearly  300  feet  long 
has  .been  buried  over  a  year  and  so 
far  it  has  not  been  necessary  to  add 
additional  gas.  It  has  been  necessary 
to  add  some  gas  to  the  shorter  lines. 

Although  the  5-inch  transmission 
line  is  capable  of  handling  5000 
watts,  it  was  thought  advisable  as  a 
safety  measure  to  add  a  second  line 
which  is  a  li-inch  concentric  line 
constructed  above  ground.  This  line 
is  mounted  on  grooved  posts  and  is 
anchored  permanently  between  the 
transmitting  plant  and  center  an¬ 
tenna  allowing  expansion  and  con¬ 
traction  to  occur  from  this  point.  A 
special  anchor  section  was  installed 
to  prevent  the  inner-conductor  from 
creeping  with  respect  to  the  outer 
sleeve.  The  design  of  the  line  is 
such  that  it  may  expand  or  contract 
15  inches  on  either  side  of  its 
anchor.  Over  the  top  of  the  trans¬ 
mission  line  a  guard  is  mounted 
which  serves  three  purposes.  First, 
it  oflFers  protection  from  the  direct 


TABLE  I — Operation  of  Directional  Antenna 


Transmitter  amplifier  load . . 

Line  current  at  transmitter . 

Feeder  line  current  from  transmitter . 

1.  Feeder  line  current  to  ontenna  (West).. 

2.  Feeder  line  current  to  antenno  (Center) 

3.  Feeder  line  current  to  ontenno  (East) . . . 

1.  Antenna  base  current  (West) . 

2.  Antenna  base  current  (Center) . 

3.  Antenna  base  current  (East) . 

1.  Phase  monitor  loop  curreni . 

2.  Phase  monitor  loop  current . 

3.  Phase  monitor  loop  current . 

1.  Antenna  phase  .  . 

2.  Antenna  phase  . 

3.  Antenna  phase  . 
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Diagram  of  the  complete  directional  antenna  system,  including  antenna  phasing  circuits 


The  Transmitter 

KCMO’s  transmitter  is  a  Collins 
21DA  which  is  designed  for  either 
1000-  or  5000-watt  operation.  An 
interesting  feature  of  this  trans¬ 
mitter  is  the  automatic  return  to 
1000  watts  in  case  of  overloads  in 
the  5000-watt  amplifier.  When  the 
transmitter  is  operating  in  the  1000- 
watt  position,  the  5000-watt  amplifier 
and  15, 000- volt  rectifier  are  com¬ 
pletely  idle  making  them  accessible 


for  maintenance.  The  5000watt  am¬ 
plifier  is  driven  by  the  813  r-f  am¬ 
plifier  tube  which  also  drives  the  two 
833  r-f  tubes  for  1000-watt  opera¬ 
tion.  The  two  833  r-f  tubes  are 
high  level  modulated  by  two  833 
tubes  in  Class  B  operation.  The  892 
water-cooled  tubes  in  the  5000-watt 
amplifier  are  grid  modulated  by  the 
845  tubes  that  act  as  audio  drivers 
to  the  833  modulators  when  operat¬ 
ing  on  1000  watts.  All  power  sup¬ 
plied  to  the  transmitter  is  taken  from 


a  General  Electric  voltage  I'egulator 
which  maintains  very  close  line  volt¬ 
age  regulation.  The  transmitter 
also  incorporates  feedback  circuits 
for  both  the  1000-  and  5000-w’att 
transmitter  circuits,  thereby  reduc¬ 
ing  the  distortion.  The  frequency 
response  of  both  transmitters  is 
within  plus  or  minus  H  db  from  30 
to  10,000  cps.  This  installation  is.  in 
its  second  year  of  operation  and  has 
proven  very  satisfactory  in  every 
respect. 


Circuit  diagram  oi  the  transmitter  showing  switching  arrangement  lor  changing  irom  5-kw  to  1-kw  operation 
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►  6  X  The  frequency  of  an  audio  generator  is  varied 
logarithmically  from  the  lowest  to  the  highest 
frequency  and  at  the  same  time  a  logarithmic 
sweep  voltage  is  applied  to  a  cathode  ray  oscilloscope.  The 
output  of  the  generator  is  fed  to  the  device  under  test  and 
its  frequency  response  curve  appears  on  the  screen  of  the 
oscilloscope 
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simplest  method  is  the  point  by  point 
plotting  of  the  output  versus  fre¬ 
quency.  This,  although  accurate,  is 
laborious.  Another  recording  sys¬ 
tem  uses  a  drum  mechanically 
coupled  to  an  audio  oscillator  with 
a  recording  stylus  to  record  the  out¬ 
put  on  coordinate  paper  carried  on 
the  drum.  Systems  have  also  been 
devised  to  slowly  trace  a  frequency 
response  on  a  special  high-persist¬ 
ence  cathode-ray  tube  screen. 

In  contrast  to  these  methods,  the 
instrument  described  here  gives  a 
continuous  curve  of  the  response 
characteristic  on  a  standard  cathode 
ray  oscilloscope  screen.  By  this 
means  the  output  of  devices  having 
varying  output  over  their  frequency 
ranges  can  be  continuously  observed 
with  greater  rapidity  than  by  other 
means. 


The  main  parts  of  this  device  are 
a  saw-tooth  oscillator  and  a  beat  fre¬ 
quency  oscillator.  The  saw-tooth 
oscillator,  used  at  a  frequency  of 
approximately  thirty  cps,  supplies 
a  linear  sweep  voltage  to  a  frequency 
control  tube  and  simultaneously 
moves  the  cathode  ray  beam  across 
the  horizontal  axis.  The  beat  fre¬ 
quency  oscillator  is  arranged  to  have 
its  variable  oscillator  (which  is 
normally  varied  at  the  control  of 
the  operator)  left  unchanged  and 
adaptable  to  its  usual  purpose.  The 
fixed  oscillator  is  frequency  modu¬ 
lated  at  the  frequency  of  the  saw¬ 
tooth  oscillator  by  the  action  of  the 
control  tubes.  Thus,  a  variable  audio 
frequency  wave  is  generated. 

The  setting  of  the  variable  oscil¬ 
lator  establishes  the  lowest  frequency 
from  which  the  audio  output  can 
sweep,  and  the  sweep  range  is  de¬ 
termined  by  the  setting  of  the  con¬ 
trol  tube  and  auxiliary  circuits. 
Thus,  the  oscilloscope  screen  is  not 
limited  to  a  picture  starting  at  zero 
frequency,  but  any  portion  of  the 
audio  range  can  be  instantly  segre¬ 
gated  for  examination. 

This  change  of  frequency  of  the 
fixed  oscillator  is  accomplished  in  a 
manner  analogous  to  that  used  in 
automatic  frequency  controlled  ,  su¬ 
perheterodyne  receivers.  The  value 
of  the  received  signal  alters  the  grid 
potential  of  a  control  tube,  which  in 
turn  is  coupled  to  the  oscillating  cir¬ 
cuit  in  such  a  manner  as  to  change 
its  frequency  slightly  and  thereby 
tune  the  set  more  accurately  to  the 


Block  diagram  oi  curre  tracer  used  in 
obtaining  the  frequency  response  curves 
oi  audio  equipment 


ONE  of  the  most  satisfactory 
methods  of  checking  audio 
amplifiers  and  acoustical  apparatus 
is  that  of  measuring  their  gain 
throughout  the  frequency  range  for 
which  they  are  designed.  The  instru¬ 
ment  described  in  this  article  was 
designed  primarily  to  facilitate  this 
work  in  production,  but  has  also 
been  found  very  useful  in  laboratory 
work.  A  number  of  methods  have 
been  devised  to  examine  and  record 
the  response  characteristics  of  elec¬ 
trical  and  acoustical  equipment.  The 
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Circuit  diagram  of  the  curve  tracer.  The 
6L7  control  tube  frequency  modulates  the 
fixed  oscillator  to  provide  a  varying  fre¬ 
quency 
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Typical  irsquency  retponM  patterna  oi  hearing  aid  ampiiiiers.  The  pattern  on  the 
left  indicates  greater  response  at  the  low  frequencies  and  the  other  indicates 
greater  response  at  higher  frequencies 


signal  being  received.  In  both  sys¬ 
tems  the  control  tube  plate  circuit 
is  connected  in  parallel  with  the 
oscillator  coil.  The  effective  induct¬ 
ance  of  this  coil  is  changed  by  alter¬ 
ing  the  dynamic  tube  characteristic 
through  the  action  of  the  control 
grid.  The  amount  of  control  is  estab¬ 
lished  by  the  value  of  the  bias  poten¬ 
tial  applied  to  this  grid. 

The  control  tube  in  this  system 
generates  out  of  phase  currents  in 
its  plate  circuit  by  the  action  of  a 
phase  changing  network  connected 
between  the  plate  and  a  grid.  The 
amount  of  inductive  control  is 
varied  by  applying  the  discharges  of 
the  saw-tooth  oscillator  through  suit¬ 
able  range  control  circuits.  If  these 
functions  are  all  arranged  for  con¬ 
trol  by  one  grid,  undesirable  inter¬ 
action  occurs  between  the  circuits 
having  the  different  functions.  A 
pentagrid  tube  (6L7)  was  therefore 
used.  In  this  tube  a  screen  separates 
the  two  control  grids  and  thus 
eliminates  interaction  between  them. 
The  range  of  frequency  change  is 
controlled  by  varying  the  mutual 
conductance  of  the  control  tube.  This 
is  accomplished  by  varying  the  bias 
of  the  first  grid,  which  has  a  remote 
cutoff  characteristic.  The  instan¬ 
taneous  frequency  is  determined  by 
the  out  of  phase  signal  fed  back 
from  the  oscillator  tank  circuit 
through  the  phase-shift  network  to 
the  third  grid.  If  the  tube  is  biased 
to  cutoff,  it  causes  no  change  in  the 
tank  circuit  inductance.  Reducing 
the  bias  of  the  control  tube’s  first 
grid  increases  it  mutual  conduct¬ 
ance,  thereby  s'. anting  the  induct¬ 
ance  of  the  coil  with  an  apparent 
inductance  and  raising  the  frequency 
of  the  fixed  oscillator. 


It  is  usually  desirable  to  have  a 
logarithmic  spread  of  the  frequency 
spectrum  on  the  cathode  ray  screen. 
This  can  be  obtained  by  varying  the 
bias  of  the  control  tube  in  linear 
saw-tooth  fashion  and  using  a  tube 
whose  mutual  conductance  changes 
substantially  logarithmically  with 
grid  bias.  The  output  frequency  of 
the  audio  oscillator  approximates  a 
straight  line  function  of  the  mutual 
conductance.  The  frequency  will 
then  vary  logarithmically  with  time. 
By  using  the  same  saw-tooth  wave 
as  the  oscilloscope  sweep  we  obtain 
logarithmic  spread  of  frequency  on 
the  oscilloscope  screen. 

.The  output  of  the  signal  gen¬ 
erator  will  rise  from  a  low  frequency 
to  a  higher  frequency  if  the  first 
grid  is  biased  to  cutoff  and  the  phase 
of  the  sweep  voltage  applied  to  the 
first  grid  of  the  control  tube  is  so 
chosen  that  it  rises  from  a  negative 
to  a  positive  value.  By  changing  the 
tube  parameters  and  circuit  con¬ 
stants,  the  system  can  be  varied 
from  a  logarithmic  to  a  nearly  linear 
frequency  spread  on  the  oscilloscope. 
In  order  to  secure  a  good  frequency 
range,  a  beat  oscillator  was  chosen 
whose  tank  circuit  frequency  could 
be  widely  varied  with  only  a  small 
change  in  inductance.  Uniform 
audio  frequency  response  charac¬ 
teristics  are  also  desirable. 

The  range  of  audio  frequency 
sweep  is  controlled  by  varying  the 
alternating  voltage  on  the  first  grid. 
This  voltage  has  a  saw-tooth  wave 
form  going  positive  and  negative 
about  a  biasing  value  equal  to  half 
of  the  peak  value  subtracted  from 
the  cut  off  voltage.  This  biasing 
potential  must  be  varied  in  order  to 
keep  the  minimum  frequency  of  the 


fixed  oscillator  constant  and  occur¬ 
ring  simultaneously  with  the  peak 
of  the  saw-tooth  wave.  A  multiple 
potentiometer  system  was  developed, 
by  which  the  bias  of  the  first  grid  is 
varied  in  suitable  proportion  to  the 
magnitude  of  saw-tooth  potential 
applied.  The  range  of  sweep  may 
be  varied  from  very  low'  values  to 
fifteen  thousand  cps. 

The  frequency  of  the  saw-tooth 
oscillator  in  the  instrument  de¬ 
scribed  is  approximately  thirty  cps. 
This  frequency  gives  a  good  clean 
picture  on  the  standard  type  medium 
persistence  screen  cathode  ray  tube. 
With  this  frequency,  the  low  usable 
limit  of  the  instrument  is  approxi¬ 
mately  a  hundred  cps.  In  order  to 
examine  frequencies  of  lower  value, 
a  slower  sweep  frequency  can  be 
provided  for  use  with  a  long  persist¬ 
ence  cathode  ray  screen. 

The  calibration  of  the  instrument, 
dynamically,  can  be  accomplished 
easily  by  the  use  of  a  Wien  Bridge 
connected  betw'een  the  output  of  the 
signal  generator  and  the  vertical 
plates  of  the  cathode  ray  tube.  The 
bridge  can  be  calibrated  at  fixed  fre¬ 
quencies,  and  when  it  is  placed  in 
the  output  circuit  will  show  a  sharp 
narrow  V  notch  point  at  the  fre¬ 
quency  points  to  be  determined.  With 
the  range  control  set  to  sweep  from 
zero  to  10,000  cps,  the  mid-point  of 
the  cathode  ray  screen  was  found 
to  be  1,000  cps,  indicating  a  very 
Close  approximation  to  a  logarithmic 
frequency  scale. 

The  modulator  is  provided  with 
two  output  connections.  One  set  of 
connections  is  made  directly  to  the 
horizontal  amplifier  terminals  of  the 
oscilloscope.  The  other  set  of  con¬ 
nections,  provided  with  taps  at  vari¬ 
ous  impedances,  supplies  the  vary¬ 
ing  audio  signal.  This  is  connected 
to  the  amplifier  under  test,  the  out¬ 
put  of  w'hich  is  connected  to  the  ver¬ 
tical  amplifier  of  the  cathode  ray 
oscilloscope. 

This  instrument  has  been  found 
useful  for  testing  all  types  of  electri¬ 
cal  and  acoustical  instruments,  both 
in  the  laboratory  and  on  the  pro¬ 
duction  test  floor.  The  testing  of 
microphones,  receivers,  filters,  am¬ 
plifiers,  etc.  is  rapid  and  accurate. 
The  instrument  can  be  used  for  com¬ 
parison  of  the  product  with  a  stand¬ 
ard  by  a  single  switching  system. 
One  instrument  has  sufficient  power 
to  operate  several  test  positions,  each 
••sing  a  separate  oscilloscope. 
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PHOTOGRAPHIC  ANALYSIS 
OF  TELEVISION  IMAGES 


Measurement  techniques  in 

television  engineering  have 
thus  far  been  largely  restricted  to 
the  electrical  performance  of  the 
system.  Comparatively  little  atten¬ 
tion  has  been  paid  to  measuring  the 
visual  qualities  of  the  reproduced 
image,  except  as  they  are  revealed 
in  a  standard  test  chart.  The  test 
chart,  however,  does  not  reveal  the 
performance  of  the  system  when 
engaged  in  its  primary  function  of 
reproducing  a  program.  To  study 
the  changing  scenes  of  a  program 
some  means  of  recording  a  single 
frame  must  be  available.  This 
article  describes  a  photographic 
technique  for  studying  the  quality 
of  television  program  images. 


ard  exposure  meter  (Weston  715) 
was  used  for  direct  measurement  of 
the  fluorescent  light. 

The  electrical  equipment  consisted 
of  a  0-100  /la  microammeter  for 
measuring  the  second  anode  current 
(beam  current)  of  the  picture  tube 
and,  with  a  calibrated  resistance,  for 
measuring  the  second  anode  voltage. 
A  direct-coupled  cathode-ray  oscillo¬ 
scope  was  used  to  measure  the  peak- 
to-peak  values  of  the  signal  voltage 
applied  to  the  picture  tube  grid. 

For  processing  the  film,  tank  de¬ 
velopment  was  used.  In  general  the 
instructions  of  the  film  manufac¬ 
turer  were  closely  followed  as  to 
temperature  and  time  of  develop¬ 
ment,  agitation,  etc.  An  Eastman 
Capstaff-Purdy  densitometer  w^as 
used  in  measuring  the  densities  of 
the  negatives. 

All  of  the  images  photographed 
were  broadcast  by  the  National 
Broadcasting  Company  from  Station 
W2XBS,  New  York,  at  441  lines,  30 
frames  per  second,  on  the  50-56  Me 
channel  during  the  period  April  11 
to  May  11,  1941.  More  than  500 
exposures  were  made  during  this 
period.  Photographs  of  the  equip¬ 
ment  are  shown  in  Figs.  1  and  2. 


Th*  Equipment  Used 

A  miniature  camera  (Con tax  I) 
was  chosen  because  lenses  of  the 
necessary  high  speed  are  available 
economically  (comparatively)  for 
such  cameras  and  because  many  ex¬ 
posures  may  be  made  and  processed 
conveniently  under  identical  condi¬ 
tions.  The  basic  lens  used  is  a  Zeiss 
Sonnar  5-cm,  //1.5,  fitted  with 
auxiliary  lenses  (Proxar  1  and 
Proxar  2)  for  reducing  the  lens-to- 
object  distance  to  a  minimum  of  8 
inches. 

A  rigid  copying  stand  was  con¬ 
structed  to  fit  directly  over  the  pic¬ 
ture  tube  of  the  television  receiver.’ 
A  ground-glass  focusing  screen  and 
auxiliary  magnifier  were  used  to 
bring  the  image  into  sharp  focus  on 
the  film.  For  standardizing  the 
density  range  when  measuring  con¬ 
trast,  a  miniature  step  tablet  (cali¬ 
brated  transparent  gray  scale)  was 
employed  within  the  camera,  in  di¬ 
rect  contact  with  the  film.  A  stand- 


Fig.  1 — The  copying  etemd  in  place  oTer 
the  pictiire  tube.  The  mirror  hai  been  re- 
moTed  and  the  connections  to  the  rertical 
scanning  coil  rerersed  to  simulate  the  re- 
Tersing  effect  of  the  mirror 


lasic  Exposure  Data 

Table  I  shows  the  results  of  a 
number  of  exposures  made  under 
standardized  conditions  with  dif¬ 
ferent  film  emulsions.  The  data  were 
taken  as'  follows:  The  fluorescent 
screen  was  uniformly  illuminated  by 
reducing  the  contrast  control  until 
no  image  was  visible,  and  adjusting 
the  brightness  control  so  that  beam 
currents  of  1,  3,  9,  27,  81,  and  243 
jLia  were  obtained  in  succession.  Beam 
currents  were  taken  in  logarithmic 
progression,  since  the  density  is 
roughly  proportional  to  the  logarithm 
of  the  beam  current. 


(1).  The  receiver  is  that  described  by  the 
author  in  Ei.xctromcs,  September,  1939, 
page  16 :  “A  Television  Receiver  for  the 
Home.”  The  receiver  employs  a  nine-inch 
9AP4  picture  tube,  has  an  effective  video 
range  of  3.5  Me.  and  is  capable  of  develop 
Ing  about  40  volts  peak-to-peak  on  the  pic 
ture  tube  grid.  , 


(2.)  “Kodak  Films — A  Data  Book  on  »ga 
tive  .Materials”  Eastman  Kodak  Company, 
Rochester,  X.  Y.,  1939. 


Fig.  2 — The  Contox  in  the  focusing  posi¬ 
tion  with  back  removed 
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Improvements  in  television,  within  the  newly  established  standards,  depend  largely  on 
studies  of  the  visual  quality  of  the  images.  This  paper  describes  a  technique  of  using 
photography  to  study  line  structure,  image  contrast,  brightness,  and  noise  effects 


By  DONALD  G.  FINK 

Managing  Editor  (On  Leave),  Electronict 
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Fig.  3 — Determination  of  the  gamma  of  the  film  by  plotting 
density  against  the  logarithm  of  the  beam  current.  Since  the 
beam  current  per  unit  area  is  proportional  to  the  exposure,  this 
plot  is  similar  to  the  usual  D-log  E  characteristic  for  photographic 
materials 


Fig.  4 — Effect  of  brightness  ond  contrast  controls  on  image  ap¬ 
pearance.  Brightness  control  raried  from  left  to  right  with  beam 
currents  of  50.  25.  and  12.5  microamperes.  respectiTely.  From 
top  to  bottom  the  rideo  signal  voltages  (affecting  contrast)  are 
28.3.  17.4  and  13.0  volts 


In  general  the  1  /xa  setting  gave 
a  barely  visible  scanning  pattern 
when  viewed  in  total  darkness, 
whereas  the  243  /la  setting  was  con¬ 
siderably  brighter  than  the  brightest 
highlights  of  the  image  as  cus¬ 
tomarily  used  in  viewing  programs. 
The  average  brightness  employed  in 
viewing  programs  corresponds  to 
the  range  betw'een  the  9  /xa  and  the 
27  settings. 

The  exposed  film  was  developed 
in  a  tank  under  the  conditions 
specified  in  Table  I.  The  values  of 
density  on  each  negative  were  meas¬ 
ured  with  the  densitometer,  taking 
care  to  measure  the  same  por¬ 
tion  of  each  frame,  since  the  scan¬ 
ning  pattern  was  not  uniformly 
bright  over  the  screen  surface. 

Table  I  is  in  no  sense  a  general 
table  of  exposure-density  informa¬ 
tion,  since  the  values  given  are 
based  on  a  particular  sample  of  the 
P4  phosphor.  Wide  variations  in 
the  luminous  conversion  efficiency  of 


this  phosphor,  as  well  as  its  spectral 
output,  arises  in  processing  the  tube 
during  manufacture,  and  these  quan¬ 
tities  also  vary  with  the  age  of  the 
tube.  Moreover  the  table  does  not 
apply  to  other  phosphors  which 
generally  have  quite  different  lum¬ 
inous  efficiencies  and  spectral  out¬ 
puts.  Finally,  the  table  is  not  based 
on  a  sufficient  number  of  different 
observations  to  have  general  sig¬ 
nificance.  Nevertheless  it  will  serve 
as  a  guide  in  selecting  initial  test 
exposures  in  similar  investigations. 

The  values  of  exposure  given  in  the 
table  for  Super  X,  Panatomic  X,  and 
Plus  X  are  those  found  satisfactory 
in  this  investigation  for  general 
photography  of  television  program 
images.  The  highlight  density  with 
such  exposures  ranged  from  1.2  to 
1.4  corresponding  to  a  beam  cur¬ 
rent  (at  6600  volts)  of  75  to  100  /xa. 
The  shadow  density  was  close  to  the 
base  density  of  the  film,  correspond¬ 
ing  to  beam  currents  below  5  /xa. 


The  table  may  be  used  as  a  guide 
when  the  beam  current,  second 
anode  voltage,  scanning  pattern 
area,  shutter  speed  or  aperture 
have  values  other  than  those  given 
in  the  table.  The  following  rela¬ 
tionships  indicate  the  necessary 
conversions. 

1.  The  photographic  exposure 
(in  say,  meter-candle-seconds)  is 
directly  proportional  to: 

The  shutter  time. 

The  beam  current,  for  a  given 
second  anode  voltage. 

The  second  anode  voltage,  for  a 
given  beam  current. 

2.  The  photographic  exposure  is 
inversely  proportional  to: 

The  square  of  the  numerical  lens 
aperture  (/-number). 

The  area  of  the  scanning  pattern. 

3.  The  negative  density,  over  the 
straight  portion  of  the  H.  and  D. 
curve  is  a  linear  function  of  the 
logarithm  of  the  exposure. 
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In  summary: 

Negative  Density  -  A^Jog  4-  Kt 

“  n*Ap 

where 

t,  —  shutter  time 
iyi  “  beam  current 
«M  *“  second  anode  voltage 
n  *  numercial  aperture  of  the  lens 
(/—number) 

Ap  ■«  area  of  the  scanning  pattern,  and 
Ki,  Ki  are  constants. 

The  maximum  negative  density, 
for  a  given  exposure,  may  be  in¬ 
creased  by  employing  a  more  active 
developer,  increasing  the  develop¬ 
ment  time,  and  increasing  the  tem¬ 
perature  of  the  developer,  but  grain¬ 
iness,  fog,  and  danger  of  spotting 
are  all  thereby  increased.  Negative 
intensification  may  also  be  used  to 
increase  the  density  after  processing. 


Fig.  6 — Pairing  of  interlace,  artificially  in¬ 
duced  by  improper  setting  of  vertical  sync 
centred.  Note  how  loss  of  every  other  line 
impairs  definition 


Fig.  5 — Properly  interlaced  line  structure. 
Note  the  appearance  of  the  converging 
lines  in  the  resolution  wedge.  Taken  at  8 
Inches  from  end  of  picture  tube 


illuminated  scanning  pattern,  each 
at  a  different  value  of  beam  current. 
The  corresponding  negative  densi¬ 
ties  are  measured  with  a  densito¬ 
meter,  and  a  plot  made  between  the 
logarithm  of  the  beam  current  and 
the  density.  Since  the  logarithm  of 
the  photographic  exposure  is  pro¬ 
portional  to  the  logarithm  of  the 
beam  current  (assuming  constant 
second  anode  voltage),  this  plot  is 
a  sensitometric  plot  (H.  and  D. 
curve)  of  the  film  characteristics. 
The  slope  of  the  straight-line  por¬ 
tion  of  the  curve  is  the  gamma  of 
the  film.  Figure  3  shows  the  de¬ 
termination  of  the  gamma  of  the 
films  shown  in  Table  I.  The  films 
(except  Microfile)  were  developed 
to  an  indicated  gamma  of  0.8,  ac¬ 
cording  to  the  manufacturer’s  in¬ 
structions.  The  actual  values  of 
gamma,  measured  by  the  above 
method,  range  from  0.78  to  0.85. 

Once  the  gamma  has  been  de¬ 
termined  for  a  given  roll  of  film,  it  is 
possible  to  measure  the  contrast  (or 
brightness  ratio)  present  in  any 
frame  taken  on  the  same  roll  of 
frame,  since  the  emulsion  and  pro¬ 
cessing  conditions  are  sensibly  con¬ 
stant  for  that  particular  roll.  The 
advantage  of  miniature  photography 
in  this  method  is  apparent,  since  a 
36-exposure  roll  permits  taking 
Density  of  the  processed  film  in  portions  not  exposed  to  light  (density  due  to  fog,  £.nti-halation  about  30  program  images,  leaving 

the  remaining  6  for  calibration  in 
accordance  with  the  above  procedure. 
The  contrast  of  a  screen  image 


TABLE  I 

NEGATIVE  DENSITIES  RESULTING  FROM  EXPOSURE  TO  FLUORESCENT  LIGHT 

(White-light  Phosphor  “P4”) 


At  a  second  anode  voltage  of  6600  volts,  and  a  scanning  pattern  area  o"  42.5  sq  inches  (IV=275 
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Film,  exposure,  and  processing 

Gam¬ 

ma 

Densities 

Base*  1 

Beam  Current,  na 

1 

3 

9 

27 

81  i 

243 

Super  XX  Exp.  1  25th  sec.  at  /  1.5. 
Dev.  18  min.  in  D-76  at  71°F.  Agitated 
10  sec.  every  3  min. 

0  8 

0  4  0  45 

0  60 

0  80 

1  10 

1  35  ' 

i 

1  60 

Plus  X  Exp.  1  10th  sec.  at  f  1.5.  Dev. 
14  min.  in  D-76  at  70°F.  Agitated  10 
sec.  every  3  min. 

0.85 

0  40  ;  0  50 

0  65 

0  95 

1  20 

1  45 

Panatomic  X,  Exp.  1/lOth  sec.  at  /  1.5. 
Dev.  11  min.  in  D-76  at  71°F.  Agita¬ 
tion  10  sec.  every  3  min. 

0.78 

0.35  ,  0  40 

1 

0  50 

0.70 

0  95 

1  20 

F.  G.  PJenachrome  Exp.  1  lOth  sec.  at 
/T.5.  Dev.  15  min.  in  D-76  at  70°F. 
Agitation  10  sec.  every  3  min. 

0  85 

0.35  '  0  35 

0  40 

0  65 

0  90 

1  15 

Microiile  Exp.  1  2  sec.  at  /  1.5.  Dev. 
5  min.  in  D-76  at  71°F.  Agitation  5 
sec.  every  1.25  min. 

1  1.5 

0  35  :  0  35 

0  35 

0  40 

lo  60 

i 

1  10 

,1 
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may  be  expressed  by  the  ratio  of 
the  brightness  of  the  brightest  por¬ 
tion  of  the  image  to  the  brightness 
of  the  darkest  portion  of  the  image, 
as  it  existed  on  the  screen  at  the  in¬ 
stant  the  photograph  was  made. 

The  brightness  ratio  of  a  program 
image  is  determined  by  measuring 
the  density  of  the  most  dense  por¬ 
tion  of  the  photographic  negative, 
Dm  as  well  as  that  of  the  least  dense 
portion,  D,.  The  difference  between 
these  density  values  is  then  divided 
by  the  gamma  value,  y,  determined 
from  the  calibration.  The  antilog  of 
the  result  gives  the  brightness  ratio. 

Brightness  ratio = Antilog, m  D„)h\ 

This  method  of  measuring  program- 
image  brightness  ratios  takes  into 
account  all  the  factors  influencing 
visual  contrast,  whether  they  arise 
from  apparatus  limitations,  signal- 
to-noise  limitations,  or  optical  effects 
such  as  halation. 

The  second  method  of  measuring 
program-image  contrasts  is  simpler 
because  it  can  be  carried  out  with¬ 
out  measuring  the  beam  current, 
that  is,  without  the  use  of  electrical 
measuring  equipment.  A  calibrated 


step-tablet  (transparent  gray  scale) 
is  used  to  determine  the  gamma  of 
the  film  by  taking  one  exposure  of 
the  screen,  uniformly  illuminated  at 
maximum  brilliance,  through  the 
gray  scale.  A  simple  means  of  so  do¬ 
ing  is  to  place  the  gray  scale  in 
optical  contact  with  the  film.  The 
Eastman  photographic  step  tablet 
No.  1,  is  suited  to  the  purpose.  It 
has  ten  steps  with  increments  of 
approximately  0.15  density  unit  per 
step,  covering  a  total  density  range 
of  1.5  or  a  brightness  ratio  of  31.6 
times.  This  step  tablet  is  of  such 
size  that  it  may  be  conveniently 
covered,  in  contact,  by  a  single 
frame  of  miniature  35-mm  film. 

The  method  is  as  follows:  The 
step  tablet  is  inserted  in  the  camera 
over  the  frame  opening,  held  in  place 
by  a  small  piece  of  adhesive  tape, 
and  the  film  threaded  into  the  cam¬ 
era  in  the  usual  way,  over  the  tab¬ 
let.  The  camera  is  then  set  up 
before  the  picture  tube,  which  is 
operated  with  the  contrast  control 
off  (no  image,  uniform  illumination) 
and  the  brightness  control  at  or  near 
its  maximum  position.  The  film  is 
then  exposed  in  the  usual  way.  The 


camera  is  then  opened  in  a  darkroom 
(or  the  film  rewound  so  the  camera 
may  be  opened  in  a  lighted  room) 
and  the  step  tablet  removed.  The 
remaining  frames  of  the  roll  are 
then  exposed  to  program  images. 

After  processing,  the  exposure 
taken  through  the  step  tablet 
shows  gradations  of  density  which 
are  measured  with  the  densitometer. 
These  values  of  density  are  plotted 
against  the  density  of  the  step- 
tablet  sections.  The  slope  of  the 
straight  portion  of  this  curve  is  the 
gamma  of  the  film.  The  scene  bright¬ 
ness  ratios  represented  by  other 
frames  on  the  same  roll  of  film  are  de¬ 
termined,  once  the  gamma  value  has 
been  measured,  by  taking  the  anti¬ 
log  of  the  density  range  divided  by 
the  gamma. 

The  success  of  this  second  method 
of  gamma  calibration  depends  on 
the  fluorescent  screen  being  uni¬ 
formly  illuminated,  at  least  over  a 
region  sufficiently  large  in  area  so 
that  the  density  measurements  can 
be  made  on  the  successive  steps  in 
the  image.  The  surface  of  the  tube 
may  be  explored  with  an  exposure 
meter  to  give  an  approximate  indi- 


Ftq.  7 — Image,  photographed  at  1/100  second,  showing  the 
alternate  lines  of  a  single  interlaced  field.  Note  diamond 
shaped  pattern  superimposed  on  Tertical  resolution  wedges 


Fig.  9 — Effect  produced  when  slit  of  focal  plane  shutter 
moves  across  lines  of  the  image  for  exposure  times  of  ap¬ 
proximately  1/100  second  or  less 


Fig.  8 — Effect  produced  with  short  exposure  time  when  slit 
of  focal  plane  shutter  moves  opposite  to  progression  of 
linos  built  up  in  formation  of  image 


Fig.  10 — Reduction  of  detail  and  contrast  in  image  of  boxer 
and  referee,  resulting  from  severe  noise.  Area  shown  is 
about  one-third  of  the  image 
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cation  of  the  uniformity  of  illumi¬ 
nation.  If  there  is  any  doubt,  the 
calibration  should  be  carried  out  by 
the  first  method  outlined,  using  suc¬ 
cessive  exposures  at  known  values 
of  beam  current. 

An  example  of  the  measurement 
of  program-image  brightness  ratios 
by  the  second  method  is  shown  in 
Table  II.  The  gamma  of  this  film 
(subject  to  error  due  to  non-uni¬ 
formity  of  illumination  of  the  pic¬ 
ture  tube  across  its  surface)  was 
found  to  be  0.6.  The  corresponding 
density  ranges,  brightness  ratios, 
and  average  brightnesses  are  tabu¬ 
lated  for  several  values  of  average 
beam  current  and  for  several  values 
of  peak-to-peak  signal  voltage  ap¬ 
plied  to  the  control  grid  of  the  pic¬ 
ture  tube.  All  of  these  exposures 
were  taken  with  the  standard  test 
chart  so  that  comparable  densities 
could  be  found. 

Inspection  of  Table  II  shows  that 
the  brightness  ratio  increases  as  the 
peak-to-peak  video  signal  increases, 
as  is  to  be  expected.  It  shows  also 
that  as  the  average  brightness 
(average  beam  current)  is  changed, 
a  point  of  maximum  contrast  is 
found  in  each  case  at  25  /la,  whereas 
lower  contrast  is  found  at  low 
brightness  (12.5  /la)  and  at  high 
brightness  (50  /ta).  The  increase  in 
the  brightness  ratio  is  most  pro¬ 
nounced  in  the  lower  values  of  peak- 
to-peak  grid  signal  voltage.  This 
technique  is  a  ready  means  of 
studying  the  proper  operation  of  the 
picture  tube  to  obtain  maximum 
contrast.  Figure  4  shows  the  test 
chart  images  on  which  Table  II  is 
based. 

In  a  typical  program  image  the 
brightness  ratio  between  the  an¬ 
nouncer’s  brow  and  his  hair,  the 
highest  value  encountered  in  this 
study,  was  found  to  be  about  15 
times.  It  should  be  pointed  out 
that  the  ratio  of  the  correspond¬ 
ing  beam  currents  in  this  case  was 
considerably  greater  than  15  to  1, 
since  part  of  the  “electrical”  con¬ 
trast  is  lost  due  to  halation  in  the 
picture  tube  screen. 


graphic  study  serves  a  purpose  in 
revealing  the  structure  of  individual 
frames  and  fields. 

In  applying  the  miniature  camera 
to  this  problem,  it  is  necessary  to 
employ  auxiliary  lenses  to  obtain  an 
enlarged  negative  image,  free  from 
the  effects  of  photographic  graini¬ 
ness.  A  single  auxiliary  lens  of  2 
diopters  power  (Proxar  2)  at  an  ob¬ 
ject  distance  of  12.5  inches  was 
found  to  produce  an  image  of  the 
9-inch  screen  which  nearly  filled 
a  single  frame  of  the  film.  The  grain 
of  Super  XX  film  processed  nor¬ 
mally  corresponds  to  about  1000- 
line  definition.  Thus  when  a  tele¬ 
vision  image  fills  the  film  frame,  the 
film  definition  is  sufficient  to  reveal 
the  line  structure  clearly. 


Fig.  11 — Colibration  of  brightness  against 
beam  current  of  the  9AP4  tube  used  in 
this  study 


For  accurate  examination  of  the 
structure,  however,  the  film  frame 
should  cover  less  than  the  full  area 
of  the  television  image.  Two  aux¬ 
iliary  lenses  (Proxar  1,  1  diopter 
power  and  Proxar  2,  2  diopters 
power)  were  used,  one  on  top  of 
the  other,  to  reduce  the  lens-object 
distance  to  8  inches,  when  the 
camera  w^as  normally  focused  for  3 
feet.  Under  these  conditions  the 
film  frame  covers  about  one-third  of 
the  television  image  and  the  grain 
does  not  obscure  the  content  of  the 
image. 

Figures  5  and  6  show  typical  test- 
chart  images  photographed  in  the 
manner  just  described.  The  vertical 
scanning  amplitude  was  exaggerated 
to  show  the  line  structure  more 
clearly.  Figure  5  shows  a  normal, 
properly  interlaced  pattern.  Figure 
6  shows  an  image  with  paired  inter¬ 
lace,  which  displays  the  characteris¬ 
tic  spurious  pattern  over  the  verti¬ 


Studics  of  the  Pine  Structure 
of  the  Image 

Photographic  technique  is  neces¬ 
sary  whenever  the  fine  structure  of 
a  program  image  is  to  be  studied, 
since  the  scenes  shift  too  rapidly  to 
permit  direct  visual  study.  Even 
when  a  test  chart  is  used,  photo¬ 
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cal-definition  wedge.  Other  aspects 
of  line  structure  may  be  studied 
conveniently  in  this  manner. 

The  study  of  the  structure  of  in¬ 
dividual  fields  is  possible  if  an  ex¬ 
posure  of  1/60  second  or  less  is 
used.  Figure  7  shows  such  an  ex¬ 
posure  made  in  1/100  second  at 
//1.5  on  Super  XX  film.  The  image, 
since  it  is  composed  of  alternate 
lines,  is  very  similar  to  the  paired- 
interlace  image,  and  it  displays  a 
similar  spurious  pattern  on  the  ver¬ 
tical-definition  wedge.  The  lines  at 
the  top  of  the  image  are  the  begin¬ 
ning  of  the  next  field. 

The  synchronism  of  this  particu¬ 
lar  exposure  with  respect  to  the  field 
scanning  was  a  matter  of  chance. 
Synchronism  can  be  assured  if  a 
square-wave  generator  is  available. 
The  output  of  this  generator,  oper¬ 
ating  at  30  cps  and  synchronized 
by  the  vertical  sync  signals,  is  ap¬ 
plied  to  the  grid  circuit  of  the  pic¬ 
ture  tube.  The  positive  halves  of 
the  square  waves  permit  the  picture 
tube  to  assume  normal  brilliance 
during  alternate  fields,  whereas  the 
negative  halves  of  the  waves  blank 
out  the  intervening  fields.  If  a  suc¬ 
cession  of  exposures  is  made  at 
random,  however,  with  a  shutter 
speed  of  about  1/100  second,  one 
frame  covering  a  single  field  almost 
alw'ays  results. 

In  photographing  images  at  these 
short  exposure  times,  care  must  be 
taken  in  the  orientation  of  the  focal 
plane  shutter  with  respect  to  the 
lines  of  the  image.  The  lines  are 
formed  in  succession  from  top  to 
bottom  of  the  picture  when  viewed 
upright.  Accordingly  the  slit  of  the 
focal  plane  shutter  should  be  par¬ 
allel  to  the  lines  and  should  proceed 
from  top  to  bottom  of  the  image,  as 
it  falls  on  the  film.  In  the  Contax 
camera,  this  condition  is  met  when 
the  long  axis  of  the  camera  is  par¬ 
allel  with  the  long  axis  of  the  tele¬ 
vision  image,  and  w'hen  the  top  edge 
of  the  camera  is  opposite  the  bottom 
edge  of  the  image  (i.e.,  the  camera 
is  held  upside-down  before  the  im¬ 
age).  If  these  precautions  are  not 
observed,  the  effects  shown  in  Figs. 
8  and  9  may  be  obtained.  In  Fig.  8, 
the  motion  of  the  shutter  slit  is 
opposite  to  the  progression  of  the 
lines  and  an  exposure  is  obtained 
only  in  the  narrow  regions  where 
the  two  motions  coincide.  If  the 
motion  of  the  shutter  slit  is  across 
the  image,  the  effect  shown  in  Fig. 
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9  is  obtained.  This  image,  inci¬ 
dentally,  offers  an  excellent  means 
of  calibrating  the  velpcity-time  curve 
of  the  shutter  motion,  since  the  in¬ 
terval  between  lines  is  known  to  be 
1/13,230  second  in  this  case 
(1/15,760  second  for  525-line,  30- 
frame  images). 

In  one  experimental  exposure  of 
1/500  second,  made  to  determine  the 
limiting  usefulness  of  photographic 
lenses  and  films,  a  recognizable  im¬ 
age  was  obtained  during  the  blank¬ 
ing  interval,  that  is,  solely  from 
the  light  of  the  phosphorescent  after¬ 
glow.  The  density  is  too  low  to 
permit  any  quantitative  measure¬ 
ments,  however. 

Another  aspect  of  the  fine  struc¬ 
ture  of  television  images,  the  effect 
of  noise,  was  also  briefly  studied. 
Figure  10  shows  a  frame  (1/25  sec 


photographic  method  is  virtually  the 
only  approach  to  the  study  of  noise 
effects  in  television  images  since  the 
random  nature  of  noise  makes  vis¬ 
ual  observation  inconclusive. 

Determining  Average  Brightness 

The  average  density  of  a  photo¬ 
graphic  image  corresponds  to  the 
average  logarithm  of  the  bright¬ 
nesses  of  the  original  scene.  Hence 
if  the  average  density  can  be 
determined  from  the  negative,  the 
relative  average  brightnesses  of  dif¬ 
ferent  exposures  on  the  same  roll  of 
film  can  be  compared.  However, 
quantitative  averaging  of  density 
values  is  almost  impossible  by  di¬ 
rect  visual  observation.  The  averag¬ 
ing  process  may  be  carried  out  in  a 
photoelectric  photometer,  by  a  sub¬ 
stitution  method,  using  a  neutral 


this  investigation,  average  screen 
brightness  against  average  beam 
current.  This  curve  reveals  that  the 
average  brightness  corresponding 
to  the  average  beam  current  (30 
jtia)  usually  employed  in  viewing,  is 
about  1  candle  per  square  foot. 

Tests  with  the  Weston  meter 
made  in  this  work  reveal  that  the 
speed  ratings  of  the  films  when  ex¬ 
posed  to  fluorescent  white  light  are 
somewhat  lower  than  the  corre¬ 
sponding  ratings  for  daylight,  but 
higher  than  those  for  incandescent 
light.  Typical  approximate  values 
are  80  (Weston)  for  Super  XX  and 
24  (Weston)  for  Panatomic  X. 
These  speed  ratings  are  derived 
from  the  exposures  shown  in  Table 
I,  on  the  assumption  of  an  average 
brightness  of  1.6  candles  per  square 
foot. 


Fig.  12 — British  refugee  child  listening  to  parents  via  trans¬ 
atlantic  telephone,  in  NBC  studios.  Typicol  image  recorded  for 
documentary  purposes 


TABLE  II 


BRIGHTNESS  RATIOS  VS  VIDEO  SIGNAL  AMPLITUDE 
AND  AVERAGE  BEAM  CURRENT 


Frame 

Number 

Peak 
to-peak 
Video  Volts* 

Density** 

Range 

Brightness 

Ratio*** 

Arerage 

Beam 

Current 

Average 

Brightness 

(c/ll’) 

19 

28.3 

0.60 

10.0 

50 

1.70 

20 

28.3 

0.61 

10.5 

25 

0.85 

21 

28.3 

0.52 

7.4 

12.5 

0.43 

22 

17.4 

0.46 

5.9 

50 

1.70 

23 

17.4 

0.57 

8.9 

25 

0.85 

24 

17.4 

0.46 

6.0 

12.5 

0.43 

25 

13.0 

■  0.43 

5.3 

50 

1.70 

26 

13.0 

0.53 

7.6 

25 

0.85 

27 

13.0 

0.48 

6.3 

12.5 

0.43 

*  From  black  to  maximum  white,  exclusire  of  sync  signal  amplitude. 
**  Difference  between  maximum  and  minimum  densities. 

**Antilogi..  (Density  Range  of  Negatiye/0.60).  Gamma  =  0.60. 


at  //1.5,  Super  XX)  of  a  boxing 
match  in  which  a  large  amount  of 
noise  w’as  present,  presumably  in 
the  camera  preamplifier.  The  bright¬ 
ness  ratio  due  to  the  noise  compon¬ 
ents  is  difficult  to  measure,  because 
the  areas  of  the  individual  pulses 
are  so  small,  but  an  approximate 
value  may  be  found.  The  frequency 
content  of  the  noise  bursts  also  may 
be  determined  roughly.  (The  funda¬ 
mental  frequency  of  a  particular 
noise  impulse,  in  Me,  may  be  as¬ 
sumed  to  be  the  inverse  of  twice  its 
duration  in  microseconds.  The  dura¬ 
tion  is  about  1  microsecond  for 
every  2  percent  of  the  picture  width 
occupied  by  the  noise  peak.)  The 


gray  film  of  the  same  area.  But  by 
far  the  simplest  method  of  measur¬ 
ing  the  average  brightness  of  a 
television  image  is  by  measuring 
the  average  beam  current.  This 
method  has  been  used  in  Table  II 
in  comparing  the  average  bright¬ 
nesses  of  images  made  with  differ¬ 
ent  grid-signal  voltages  and  corre¬ 
spondingly  different  contrast  ratios. 

To  express  the  average  brightness 
in  photometric  units,  some  form  of 
calibrated  photometer  is  necessary. 
A  rough  calibration  may  be  made 
with  a  sensitive  portable  exposure 
meter  (such  as  the  Weston  Model 
715).  Figure  11  shows  such  a  cali¬ 
bration  made  with  the  tube  used  in 


A  valuable  use  of  the  photographic 
system  here  described  is  in  record¬ 
ing  images  from  programs  having 
some  particular  significance.  An  ex¬ 
ample  is  shown  in  Fig.  12. 

The  author  wishes  to  express  ap¬ 
preciation  to  Prof.  J.  B.  Russell  of 
the  Marcellus  Hartley  Research 
Laboratories  of  Columbia  University 
under  whose  direction  was  con¬ 
ducted  a  study  of  television  quality, 
of  which  this  paper  is  a  part.  The 
reader  is  referred  to  “Brightness 
Distortion  in  Television”  Proceed¬ 
ings  of  the  I.R.E.,  June  1941,  for 
a  discussion  of  some  of  the  theoreti¬ 
cal  aspects  of  the  visual  quality  of 
television  image  reproduction. 
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IT  is  usual  in  biomedical  research, 
in  recording  the  action-potential- 
time  curves  from  active  muscle,  such 
as  the  heart,  to  provide  a  time  axis 
by  means  of  a  linear  velocity  of  the 
recording  film.  This  method  is  im¬ 
practical,  however,  for  use  with 
skeletal  muscle  and  nerve  which 
have  action  potential  impulses  of 
much  shorter  duration.  In  addition 
to  the  fact  that  very  high  film  veloci¬ 
ties  are  required,  it  is  sometimes 
necessary  to  repeat  exposures  to  ob¬ 
tain  sufficient  line  density  on  the 
film.  These  reasons  preclude  the  use 
of  moving  film  to  provide  a  time 
axis.  A  more  desirable  method  is 
the  practice  of  taking  still  pictures 
of  the  phenomena  with  an  electrical 
sweep.  This  applies  only  to  record¬ 
ing  with  cathode  ray  tube  technique. 
The  time  axis  may  be  either  linear 
or  non-linear  in  this  method ;  may  be 
as  fast  as  desired;  and  may  be  re¬ 
peated  for  multiple  exposures.  In 
this  procedure,  however,  the  stimu¬ 
lus,  which  is  generally  electrical, 
must  be  synchronized  with  the 
sweep  voltage  in  some  manner. 

The  circuit  used  was  designed 
for  work  which  required  the  simul¬ 
taneous  recording  of  two  action  po¬ 
tentials.  These  are  amplified  by  two 
identical  d-c  amplifiers'  and  im¬ 
pressed  on  two  cathode  ray.  tubes 
mounted  side  by  side.  It  was  neces¬ 
sary  that  the  records  allow  time 
comparisons  of  events  and  this  made 
the  requirements  for  the  stimulator 
and  sweep  circuit  more  exacting 
than  for  a  system  involving  the  re¬ 
cording  of  a  single  action  potential 
alone.  The  arrangement  can  be  ex¬ 
tended  for  use  with  three  channels 
and  a  three  trace  cathode  ray  tube 
for  recording  three  events  simul¬ 
taneously. 

The  circuit  was  designed  with  a 
view  towards  satisfying  the  follow¬ 
ing  requirements: 


NvW. 


Th«  combined  Toltago  swoop  gonorator  and  simulator  which  is  usod  to  produce 
cunros  of  biopotentials  on  an  oscilloscope  screen  with  the  electric  stimulus 
synchronised  with  the  sweep  Toltage 


1.  A  condenser  discharge  type  of 
stimulating  voltage  controllable  as 
to  amplitude,  duration,  and  form 
and  which  can  be  made  to  occur  at 
any  desired  point  in  the  sweep. 

2.  Linear  and  logarithmic  sweep 
of  any  desired  speed  and  amplitude. 
Manual  control  of  starting  point  of 
spot  on  screen  in  any  sweep. 

3.  Single,  multiple,  and  periodic 
sweep  as  desired. 

4.  Undistorted  sweep  voltage  am¬ 
plified  output  sufficient  to  cover 
from  1.5  to  2  times  the  screen  diam¬ 
eter. 

5.  No  condenser  coupling  ar¬ 
rangements  giving  rise  to  undesir¬ 
able  transients.  Events  and 
positions  must  be  duplicated  in  any 
sweep  for  any  given  setting  of  con¬ 
trols. 

6.  Battery  operation  on  a  mini¬ 
mum  of  battery  requirements. 

7.  Operation  in  conjunction  with 
d-c  amplifiers  if  desired. 

Battery  operation  is  necessary 
since  shielding  of  specimens  is  diffi¬ 
cult.  All  work  at  the  University  of 
Wisconsin  is  done  in  a  shielded 
room  from  which  alternating  cur¬ 
rents  are  excluded.  Tubes  with  6.3- 


volt  filaments  were  chosen  since 
they  are  conveniently  operated  di¬ 
rectly  from  a  6- volt  storage  battery. 
The  operation  and  features  of  the 
design  are  best  described  by  a  de¬ 
tailed  consideration  of  the  circuit. 

The  sweep  voltage  generator  is  of 
the  usual  type  employing  a  type  884 
gas  triode  using  a  condenser  charge 
through  a  type  38  pentode  for  linear 
sweep  and  a  variable  resistor  for 
logarithmic  sweep.  Coarse  control 
of  sweep  speed  is  provided  by  a  con¬ 
denser  bank.  Fine  control  of  linear 
sweep  speed  is  effected  by  bias 
change  on  the  pentode  through  P,. 
Pa  allows  fine  control  of  logarithmic 
sweep  speed.  S,  allows  changeover 
from  one  mode  to  the  other. 

While  a  single  sweep  of  the  spot, 
and  therefore  the  occurrence  of  a 
single  action  potential,  is  sufficient 
in  most  cases  for  adequate  line 
density  in  the  cathode  ray  tube 
screen,  under  some  conditions  it  is 
necessary  to  make  double  or  mul¬ 
tiple  exposures.  Furthermore,  peri¬ 
odic  sweep  is  desirable  for  visual 
observation  of  nerve  action  poten¬ 
tials.  The  circuits  involving  tubes 
884-1  and  884-2,  with  their  attend- 


for  BIOELECTRIC  RESEARCH  ! 

An  instrument  for  generating  simultaneously  a  sweep  voltage  for  a  cathode  ray  oscilloscope 
and  another  synchronized  voltage  which  is  used  to  induce  a  reaction  to  he  observed  on 
the  cathode  ray  tube  screen 


rnt  switching  arrangements  allow  sweeps  the  spot  across  the  screen  position.  Closure  of  S3  now  provides 
single  sweeps,  multiple  sweeps  auto-  and  keeps  it  there.  Return  of  S,  to  periodic  sweep  which  terminates  ac- 

matically  controlled,  and  periodic  open  position  returns  the  spot  to  cording  to  the  time  constant  of  the 

sweep.  the  initial  starting  point.  This  is  discharge  circuit  of  P»  and  the  3  /if 

The  operation  of  the  circuit  (Fig.  the  single  sweep  operation.  Periodic  condenser.  Opening  S,  resets  the  de¬ 
ll  is  as  follows.  Tube  884-1  is  sweep  is  initiated  by  closing  S3  with  vice.  By  proper  adjustment  of  the 

biased  to  a  continuously  non-con-  S«  open  and  S.P  in  the  P  position,  time  constant,  the  sweep  can  be 

ducting  state  as  long  as  884-2  is  Opening  S3  stops  periodic  sweep.  If  made  to  occur  any  predetermined 

non-conducting.  Breakdown  of  884-2  multiple  sweep  is  desired,  that  is,  number  of  times  and  then  automati- 

puts  884-1  into  operating  state  for  periodic  sweep  which  comes  on  and  cally  stop. 

oeriodic  sweep.  With  S,  open  and  then  automatically  ceases  after  any  The  usual  method  of  condenser- 
S.P  in  the  non-P  position,  884-2  is  predetermined  period  of  time,  S4  is  resistance  coupling  of  the  sweep 

non-conducting  and  closure  of  So  closed  and  S»P  thrown  to  the  non-P  voltage  to  the  sweep  voltage  ampli¬ 

fiers  is  not  used  since  it  introduces 
a  discharge  path  for  the  sweep  volt¬ 
age.  This  is  objectionable  because 
of  the  distortion  introduced  in  slow 
sweeps  (unless  the  time  constant  of 
the  coupling  circuit  is  impractically 
long)  and  because  the  spot  will  re¬ 
turn  slowly  after  single  sweeps  un¬ 
less  quickly  returned  by  switching 
S3  to  “off”.  It  is  inconvenient  to 
return  the  spot  at  once  in  some 
cases  and  the  slow  return  would  be 
undesirable.  For  this  and  for  other 
reasons,  a  method  of  coupling  is 
used  which  isolates  the  condenser 
voltage  and  does  not  provide  a  dis¬ 
charge  path.  This  method  of  coup¬ 
ling  makes  use  of  a  twin  triode, 
6C8G-1,  both  sections  of  which  are 
operated  as  unity  amplifiers.  The 
sweep  voltage  is  coupled  directly 
from  condenser  to  the  grids  of  both 
sections  which  are  biased  to  cutoff. 
The  entire  sweep  voltage  may  be  im¬ 
pressed  without  driving  the  grids 
positive.  The  amplifier,  which  is  in 
reality  a  negative  feed-back  ampli¬ 
fier  using  100  percent  feed-back, 
has  an  output  which  is  in  phase  with 
the  input  and  an  amplification  which 
is  very  nearly  unity.  The  entire 
load  is  in  the  cathode  circuit  in  this 
application.  This  circuit  has  several 
interesting  properties  and  uses 
other  than  that  described  here. 

The  sweep  voltage  output  of  one 
Fig.  1 — The  instrument  which  produces  sweep  voltages  either  in  single,  multiple,  section  is  taken  off  by  means  of  the 

or  periodic  pulses  with  linear  or  logarithmic  characteristics  two  sweep  amplitude  controls,  P,o 


:^i 
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Flq.  3 — Thr*«  Mti  of  nirroi  tcdcon  with  two  d-c  omplifiera.  two 
cothodo  ro7  tuboi.  and  tho  swoop  gonorator  and  simulator. 
Uppor  cunros  with  unipolar  and  lowor  with  dillorontial  loads 


Fig.  2 — A  sorios  of  cunros  takon  with  oloctrodos  oqually  spocod 
OTor  tho  longth  of  a  frog's  gostrocnomius  musclo.  Tho  poak  toH- 
ago  is  loss  than  25  milliTolts.  duration  about  14  millisoconds 


and  Pn.  Each  provides  independent 
control  of  the  sweep  output  voltage 
amplitude  of  its  corresponding  am¬ 
plifier.  Two  sweep  voltage  amplifiers 
(there  may  be  more  if  desired)  are 
provided,  one  for  each  cathode  ray 
tube,  using  twin  triodes  (6C8G-3 
and  6C8G-4).  Each  is  a  direct-cur- 
rent,  phase-inverting,  push-pull 
amplifier.^’  *  Starting  position  of  the 
spot  is  controlled  by  P,  and  Pt  which 
supply  a  variable  bias  to  one  grid 
of  each  amplifier.  Therefore  both 
starting  position  and  amplitude  of 
sweep  may  be  independently  con¬ 
trolled  on  each  tube.  This  allows  the 
sweep  voltage  supply  to  each  cathode 
ray  tube  to  be  adjusted  with  the  aid 
of  a  ruled,  transparent  screen  so 
that  the  spot  passes  the  same  rela¬ 
tive  positions  on  the  two  tubes  at 
the  same  instant  of  time.  An  initial 
warm-up  of  the  cathode  ray  tubes 
is  required  to  maintain  this  adjust¬ 
ment.  The  adjustment  is  independ¬ 
ent  of  sweep  speed  or  frequency  and 
thus  allows  direct  time  comparisons 
between  events  in  two  action  poten¬ 
tials  recorded  simultaneously. 

The  battery  supply  for  the  sweep 
voltage  amplifiers  as  shown  here  is 


arranged  for  use 
with  the  d-c 
action  potential 
amplifiers  al¬ 
though  it  need 
not  be.  Supply 
voltage  not 
s  hown  in  the 
circuit  diagram 
is  provided  by 
the  batteries  of 
each  d-c  ampli¬ 
fier.  The  cathode 
ray  tube  power 
supplies  float  on 
the  d-c  amplifier 
supplies.  This 
arrangement  re¬ 
sults  in  mini¬ 
mum  battery 
requirements 
and  automatic¬ 
ally  insures 
proper  opera¬ 
tion.  The  switch 
St  is  kept  open 
except  when  th** 
sweep  voltage  is 
actually  needed 
so  as  to  minim¬ 
ize  the  drain  on 
the  action  po¬ 
tential  amplifier 
battery  supply. 

The  stimulator  portion  of  the  cir¬ 
cuit  involves  the  second  section  of 
6C8G-1,  884-3,  6C8G-2,  and  T,.  The 
stimulating  voltage  delivered  is  a 
modified  condenser  discharge  volt¬ 
age  variable  as  to  amplitude,  dura¬ 
tion,  and  time  of  occurrence  during 
the  sweep.  This  last  feature  allows 
advantageous  placing  of  the  action- 
potential-time  curve  on  the  screen 
since  the  action  potential  follows  the 
stimulus  by  a  short  time  interval. 
The  operation  is  as  follows. 

With  no  input  from  Pu,  884-3  is 
non-conducting.  If  Pa  is  adjusted 
so  that  some  fraction  of  the  sweep 
voltage  is  impressed  on  the  grid  of 
884-3,  this  gas  triode  will  break 
down  at  some  instant  during  the 
sweep.  A  larger  input  will  cause 
breakdown  to  occur  sooner.  The  tube 
remains  in  the  conducting  state 
until  the  return  of  the  spot  occurs. 
Thus,  variation  of  Pa  will  cause 
breakdown  to  occur  at  any  desired 
point  in  the  sweep.  Both  breakdown 
and  return  to  the  non-conducting 
state  give  rise  to  condenser  dis¬ 
charge  voltages  across  P».  The  dura¬ 
tions  of  these  are  determined  by  the 
time  constant  of  the  discharge  or 


coupling  circuit  and  are  made  some 
suitable  value.  The  voltage  due  to 
the  breakdown,  modified  in  some  de¬ 
tail,  is  used  as  the  stimulating  volt¬ 
age;  the  other,  due  to  the  return  to 
non-conduction,  is  in  the  opposite 
direction  and  is  suppressed.  It  is 
evident  that  the  voltage  pulse  due 
to  breakdown  may  be  made  to  occur 
at  any  position  of  the  spot  during 
its  sweep  and  that  the  position  is 
independent  of  sweep  speed.  Partial 
suppression  of  the  undesired  pulse 
and  phase  inversion  of  both  pulses 
is  accomplished  by  feeding  the  volt¬ 
age  from  P,  into  one  section  of 
6C8G-2  which  has  zero  bias  on  its 
grid.  Partial  suppression  results  for 
the  undesired  pulse  since  it  drives 
the  grid  positive;  the  desired  pulse 
drives  it  negative.  If  desired,  the 
peak  of  the  desired  pulse  may  be 
clipped  by  adjusting  P,  to  drive  the 
grid  beyond  cutoff  on  the  peak. 
Final  suppression  of  the  undesired 
pulse  and  final  modification  of  the 
desired  pulse  must  now  be  carried 
out.  This  modification  is  a  sharp 
cutoff  of  the  desired  pulse  at  some 
time  during  the  discharge  so  that 
the  remaining  portion  of  the  ex¬ 
ponential  discharge  is  suppressed. 
This  allows  variation  in  the  dura¬ 
tion  of  the  pulse  and  also  minimizes 
distortion  of  the  action  potential 
due  to  leakage  of  the  stimulus  into 
the  input  of  the  action  potential 
amplifiers.  This  leakage,  called 
“shock  artifact”  by  workers  in  this 
field,  is  an  ever  present  problem.  It 
is  due  to  the  disparity  in  stimulat¬ 
ing  voltage,  10-15  volts  peak,  and 
action  potential  peak,  less  than  30 
millivolts.  The  final  modification  is 
performed  by  the  second  section  of 
6C8G-2  which  is  operated  at  any  de¬ 
sired  point  beyond  cutoff  by  means 
of  P#.  The  undesired  pulse  is  now 
negative  and  is  completely  sup¬ 
pressed  because  it  only  serves  to 
drive  the  tube  still  farther  beyond 
cutoff.  The  only  portion  of  the  de¬ 
sired  pulse  that  is  amplified  is  that 
driving  the  grid  positively  from 
cutoff.  This  accomplishes  the  abo¬ 
lition  of  the  exponential  discharge 
beyond  the  desired  point.  Increase 
in  the  negative  bias  causes  cutoff 
of  the  pulse  at  an  earlier  time  and 
shortens  the  duration  of  the  pulse. 
The  output  is  fed  through  T,,  a 
matching  transformer,  and  the 
amplitude  controlled  by  P». 

It  is  essential  that  Ti  be  well 
{Continued  on  page  82) 
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INDUSTRIAL  ELECTRONICS  -  II 


The  second  and  concluding  part  of  a  discussion  of  the  outstanding  problems  in  applying 
electronic  instruments  to  industrial  applications.  Here  several  successful  installations  of 
phototube  equipment  to  perform  difficult  production  problems  are  described 
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Fig.  1 — Circuit  diagram  of  an  early  light  curtain  control  equipment  for  a  bearing 
broaching  machine.  The  large  number  of  mechanically  moring  parts  in  an 
industrial  application  as  complicated  as  this  gives  rise  to  service  calls  which  can 
sometimes  be  eliminated  by  greater  use  of  tubes 


By  RALPH  A.  POWERS 

Electronic  Control  Corp. 

IN  1935  it  was  largely  a  matter  of 
education  of  the  machine  and  tool 
designers  concerning  what  electron¬ 
ics  could  do  for  them.  They  had  read 
newspaper  accounts  of  the  wonders 
of  the  “electric  eye”,  the  electron 
tube,  the  cathode  ray  tube,  but  had 
little  opportunity  to  know  where 
they  would  help  them.  Consequently, 
when  they  were  approached  on  the 
uses  of  electronics,  what  it  might 
save  them,  they  picked  out  the  tough¬ 
est  problem  they  could  find,  prob¬ 
ably  because  it  had  them  stumped, 
and  thought  certainly  the  electric 
eye  could  do  the  job.  So,  during 
these  first  two  years  the  toughest 
problems  that  were  to  be  had  were 
placed  right  in  the  lap  of  the  elec¬ 
tronic  engineer.  In  order  to  obtain 
a  second  reception  with  the  engin¬ 
eers  in  charge  of  purchasing,  it  was 
necessary  in  many  instances  to  bring 
in  a  quotation,  telling  just  how’  the 
finished  electronic  gadget  would 
work,  how  much  it  would  cost  and 
when  it  could  be  delivered.  In  many 
of  these  cases  the  electronic  engineer, 
who  was  having  so  many  problems 
presented  that  he  could  not  sleep 
nights,  did  not  actually  know’  which 
was  the  first  plan  of  attack  of  the 
problem.  Fortunately,  some  of  the 
gadgets  and  devices  worked  exactly 
as  they  were  desired,  but  there  w’ere 
many  for  which  the  cost  of  engineer¬ 
ing  alone  w’as  twice  the  selling  price. 
Naturally,  a  time  to  halt  this  proced¬ 
ure  had  to  come,  so  that  those  w’ith 
the  simple  problems  were  not  helping 
to  pay  for  the  engineering  on  the 
most  difficult.  The  tw’o-point  plan 
found  to  be  effective  was  briefly  as 
follows : 

1.  During  the  past  few’  years  valu¬ 
able  experience  has  been  gained  in 
knowing  how  to  combine  solutions 


of  past  problems  into  an  effective 
solution  for  the  “run  of  the  mine” 
problems.  This  is  what  might  be 
termed  experience  with  some  records 
to  back  it  up.  These  problems  can 
be  quoted  on  directly,  giving  the 
price  of  the  finished  article,  the  ap¬ 
proximate  delivery  date,  and  a  guar¬ 
antee  of  operation. 

2.  The  more  difficult  problems 
must  be  solved  in  a  different  w’ay 


from  the  selling  viewpoint.  From 
past  experience,  it  can  be  rather 
crudely  estimated  how  much  time 
will  be  necessary  for  one,  two,  or 
more  men  to  develop  various  ideas 
which  appear  to  meet  the  customer’s 
requirements.  Then  the  prospective 
customer  must  be  willing  to  risk 
that  amount  of  money  for  laboratory 
work  before  any  concrete  work  is 
started.  This  system  works  out  very 


F,l,ECTRONICS  —  August  1941 


.•5.1 


nicely,  because  if  at  the  end  of  the 
experimental  stage  the  engineer  has 
some  luck,  the  balance  of  estimated 
maximum  expenditure  (which  is  re¬ 
funded  to  the  customer)  can  be  ap¬ 
plied  to  the  purchase  price  of  one  or 
two  of  the.  completely  engineered 
units.  No  one  loses  on  this  system, 
unless  the  electronic  engineer  cannot 
invent  practical  applications.  If  this 
happened  very  many  times,  he  un¬ 
doubtedly  would  soon  lose  the  fun  of 
trying  to  lick  difficult  jobs. 

Many  of  the  special  applications 
of  electron  discharge  devices,  briefly 
described  below,  fall  into  one  or  the 
other  of  the  above  classiflcations  of 
procedure. 

All  Eleetroaic  Iroaeliiag  Coatrel 

Several  years  ago  the  light  curtain 
principle  of  machine  control  and 
operator  safety  was  applied  to  a 
bearing  broaching  machine.  After 
some  troubles  with  limit  switches, 
relays  and  other  mechanical  parts, 
the  control  functioned  perfectly. 
There  was  a  continual  source  of  ser¬ 
vice,  however,  in  magnetic  switches 
or  relays.  The  unit  performs  many 
million  cycles  of  operation,  and  as  a 
result  contacts  may  fall  off  relays, 
return  springs  lose  their  elasticity, 
armature  hinges  wear  out;  in  fact 
any  mechanical  device  will  show 
signs  of  wear  under  such  continuous 
operation.  When  the  relays  have  all 
been  repaired,  and  the  unit  is  not  in 
need  of  service,  the  records  of  pro¬ 
duction  with  the  light  curtain  have 
justified  the  development  of  all  elec¬ 
tronic  control.  Two  all  electronic 
control  units  are  now  being  com¬ 
pleted. 

With  the  exceptions  of  the  elec¬ 
tronic  light  curtain,  the  relay  circuit 
is  shown  in  Fig.  1.  From  the  circuit, 
some  idea  can  be  obtained  of  the 
number  of  moving  parts  of  the  vari¬ 
ous  relays  in  order  to  insure  com¬ 
plete  operation  of  the  machine  for 
its  various  functions  of  broaching 
the  bearing. 

With  the  light  curtain  projector 
and  receiver,  as  shown  in  the  circuit, 
connected  to  this  elaborate  relay  in¬ 
terlock  cabinet,  it  was  possible  to 
obtain  the  necessary  following  se¬ 
quence  : 

1.  Equipment  ready  to  start  the 
cycle  of  operation. 

2.  The  operator  removes  his  hands 
from  the  opening  of  the  machine, 
thereby  allowing  the  light  curtain 
to  be  completed. 


Fig.  2 — Broaching  machine  control  using  electronic  switching  means  instead  oi 
relays  as  shown  in  Fig.  1.  The  solenoid  air  volres  are  operated  by  the  anode 
current  oi  the  gas  tubes 


Fig.  3 — Experimental  unit  for  sorting  rock  salt.  It  is  encased  in  glass  to  minimise 
corrosion  from  the  salty  atmosphere 


3.  The  operator  uses  one  hand 
(when  necessary)  to  press  the  auto¬ 
matic  “start”  button. 

4.  This  electrically  latches  a  relay, 
thereby  energizing,  through  its  back 
contacts,  a  second  relay. 

5.  The  3-way,  i-inch  solenoid  valve 
for  the  clamping  cylinder  responds 
from  these  contacts. 

6.  The  clamping  cylinder  is  now 
energized  and  as  soon  as  pressure 
has  been  built  up,  the  “make”  con¬ 
tacts  of  this  pressure  switch  will 
close. 

7.  These  contacts  in  turn  energize 
the  solenoid  4-way  valve  for  the 
broaching  operation. 

8.  The  broaching  cylinder  pro¬ 
ceeds  to  its  complete  forward  posi¬ 
tion  and  at  that  point  operates  con¬ 
tacts  on  a  limit  switch. 

9.  These  contacts  in  turn  actuate 


the  relay,  holding  the  solenoid  air 
valve  in  a  position  with  the  broach 
forward. 

10.  The  operator  again  intercepts 
the  light  curtain  to  remove  the  piece. 

11.  In  so  intercepting  the  light 
curtain,  the  solenoid  air  valve  for 
the  clamping  cylinder  is  released, 
allowing  clamping  pressure  to  be 
exhausted  and  the  operator  to  re¬ 
move  the  piece.  (A  pilot  light  turns 
on  when  it  is  time  for  the  operator 
to  remove  the  piece.) 

12.  The  operator  now  comes  out 
of  the  light  curtain  in  removing  the 
piece  of  work;  thus,  the  “make” 
contacts  of  the  circuit  at  the  end 
of  the  broaching  stroke  impulses  the 
relay  to  its  normal  position. 

13.  However,  if  one  relay  was 
dropped  out  due  to  interception  of 
a  portion  of  the  light  curtain,  the 
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broaching  cylinder  can  now  return 
to  normal,  or  “back”  position,  await¬ 
ing  a  restart  of  the  operation. 

It  can  be  appreciated  from  the 
above  sequence  of  necessary  opera¬ 
tions,  that  the  relays  and  limit 
switches  are  necessary  to  obtain  in¬ 
creased  production  through  the  use 
of  light  curtain  control  and  at  the 
same  time  insure  complete  safety 
to  the  operator  of  the  bearing 
broaching  machine. 

Incidentally,  the  use  of  the  light 
curtain  equipment  with  this  se¬ 
quence  increased  production  from 
approximately  7,000  pieces  to  well 
over  11,000  pieces  per  eight  hour  day, 
with  less  operator  fatigue  than  was 


experienced  with  normal  push  but¬ 
tons  or  hand  operated  valves  in 
order  to  complete  the  above  outlined 
complicated  sequence. 

To  contrast  these  large  number 
of  moving  and  wearing  parts  with 
the  mechanics  of  the  electronic  cir¬ 
cuit  will  prove  the  elimination  of 
service  difficulties  and  “time  down” 
of  the  machine  during  service  which 
is  a  most  important  problem  in 
maintaining  a  factory  at  its  peak  of 
production.  This  is  an  application 
that  should  prove  the  value  of  all 
electronics,  over  the  combination  of 
electronics  and  electromechanical 
switching  arrangements,  in  indus¬ 
trial  service. 


Several  years  ago,  the  first  experi¬ 
mental  photoelectric  rock  salt  sorting 
single  unit  was  produced.  The 
amplifier  was  encased  in  a  glass  en¬ 
closure,  much  like  a  small  aquarium, 
to  prevent  salt  dust  from  entering. 
Glass  is  the  material  used  to  mini¬ 
mize  corrosion  of  the  case.  The 
phototube  was  in  a  separate  housing 
with  two  light  sources,  as  shown  in 
Fig.  3.  This  experimental  unit  was 
produced  to  determine  the  feasibility 
of  picking  out  the  dark  pieces  of 
salt  and  allowing  the  pure  crystals, 
to  pass.  After  completion  of  the 
photoelectric  device,  considerable 
time  was  spent  in  developing  suitable 
mechanical  means  to  line  the  indi¬ 
vidual  crystals  of  salt  into  a  single 
column,  which  would  drop  past  the 
phototube.  At  this  point  the  salt 
was  illuminated,  and  the  darkened 
or  undesired  particles  would  re¬ 
flect  less  light  to  the  phototube  while 
the  clear  and  white  crystals  would 
reflect  more  light,  allowing  their 
passage.  After  trying  several  rotary 
mean.s,  similar  to  that  used  in  sorting 
beans  and  similar  objects,  this  idea 
was  abandoned  and  a  vibration 
method  was  developed.  The  arrange¬ 
ment  of  the  vibrating  conveyor, 
which  feeds  the  salt  in  ten  individual 
rows,  is  shown  in  Fig.  4.  At  this 
point,  the  salt  falls  off,  one  crystal 
at  a  time,  through  the  small  direc¬ 
tional  chutes.  Each  of  the  ten 
chutes  is  arranged  with  a  special 
phototube  housing  in  the  form  of  a 
2-inch  square  stick  measuring  about 
18-inches  in  length.  Each  phototube 
housing  contains  a  two  stage  am¬ 
plifier.  The  power  supply  and  the 
thyratrons  for  operating  the  small 
air  valves  are  mounted  on  a  rack 
and  panel  assembly.  If  a  darkened 
piece  of  salt  appears  before  any  one 
of  the  ten  photoelectric  units,  a  small 
fast  acting  solenoid  valve  opens  for 
a  predetermined  period  of  time,  only 
long  enough  to  allow  the  squirt  of 
air  to  move  that  darkened  crystal 
of  salt  out  of  the  normal  axis  of  fall. 
As  a  result,  it  falls  on  one  side  of 
a  ‘camel  back’,  while  the  good  pieces 
fall  on  the  other  side.  To  make  the 
machine  practical,  the  solenoid  air 
valves  must  open  very  rapidly. 
Special  valves  which  operate  directly 
in  the  anode  circuits  of  the  ten  thyra¬ 
trons  w’ere  made.  The  thyratrons 
are  arranged  with  automatic  ‘put  out 
circuits’,  so  that  after  the  air  blast 
of  a  fraction  of  a  second,  the  valves 
will  quickly  close,  eliminating  the 
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Fig.  4 — Diagrammatic  skatch  showing  mothod  oi  operation  of  rock  salt  sorter. 
The  pieces  of  salt  drop  one  at  a  time  past  the  photoelectric  unit.  The  dark  pieces 
reflect  less  light  causing  a  blast  oi  air  to  blow  them  off  the  path  of  the  good  pieces 


Fig.  5 — This  electronically  controlled  guage  using  trigger  circuits  measures  wall 
thicknesses,  diameter,  out  of  square  ends  and  many  other  measurements.  The 
photoelectric  scleroscope  can  be  seen  in  the  foreground 
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Fig.  6 — Diagram  oi  on  18-trigg*r  circuit  This  type  ol  circuit  ii  used  for 
measuring,  grading  and  sorting  a  Tariety  oi  products.  Note  that  the  anode 
circuits  can  be  opened  during  the  time  their  operation  is  not  required 
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possibility  of  rejection  of  good  salt. 
The  valves  were  made  to  open  and 
close  20  times  per  sec.  against  an  air 
pressure  of  90  pounds  per  sq.  inch. 
By  adjustment  of  bias  of  the  am¬ 
plifiers  and  by  adjustment  of  light 
source  intensity,  various  grades  of 
salt  can  be  selected  and  reselected 
for  various  degrees  of  purity. 

Experimental  work  is  now  being 
conducted  on  using  the  same  unusual 
mechanical  means  of  feed,  in  com¬ 
bination  with  the  same  fast  means 
of  rejection,  for  grading  various 
ores,  especially  gold  ores. 

Trigger  Gauging 

With  the  increase  in  demand  for 
high  speed  measuring,  an  increase 
in  the  necessity  of  electrical  circuits 
to  perform  the  functions  quickly 
has  been  realized.  After  three  or 
four  years  of  experimental  work, 
the  trigger  circuits  were  developed. 
Essentially,  a  trigger  circuit  is  noth¬ 
ing  more  or  less  than  the  arrange¬ 
ment  of  a  gas  triode  with  either  d.c. 
or  a.c.  applied  to  the  plate  and  with 
the  grid  circuit  arranged  to  operate 
directly  from  the  measuring  con¬ 
tacts. 


The  use  of  gas  tubes  allows  stor¬ 
ing  of  the  impulses  over  a  given 
period  of  time  to  allow  automatic 
rejection  or  sorting  of  the  pieces. 
With  d.c.  applied  to  the  anode,  after 
an  over-  or  under-size  piece  has  been 
inspected,  gas  tubes  are  fired  and 
remain  fired  until  a  limit  switch  on 
the  complete  automatic  machine 
opens  after  rejection  of  the  undesir¬ 
able  piece  in  its  correct  position. 

A  typical  machine  operated  by 
electronic  means  is  illustrated  in  Fig. 
5.  Rejection  and  sorting,  where  all 
measurements  are  taken  during  rota¬ 
tion  or  movement  of  the  object,  are 
obtained  through  the  use  of  trigger 
circuits.  Rejection  is  occasioned  by 
storing  the  impulse  until  the  undesir¬ 
able  piece  has  reached  the  following 
station  before  rejection. 

Figure  6  illustrates  the  principle 
of  the  use  of  gaseous  tubes  for 
measuring.  The  grids  of  each  one 
of  the  tubes  are  connected  through 
a  suitable  circuit  so  that  in  the  event 
undesirable  pieces  reach  the  gauges, 
the  grids  of  the  tubes  are  made 
sufficiently  positive  in  order  to  cause 
their  firing,  thereby  storing  the  re¬ 
jection  selection  because  of  the  fired 
condition  of  the  thyratron. 


This  same  type  of  measuring  and 
grading,  through  the  use  of  trigger 
circuits,  was  introduced  a  number 
of  years  ago  and  has  been  closely 
followed  by  others  interested  in  ob¬ 
taining  electronic  business  in  meas¬ 
uring,  grading  and  sorting. 

These  are  but  a  few  of  the  special 
photoelectric  and  electronic  units. 
Others  include  a  gauge  to  measure 
the  thickness  of  babbit  of  metal 
backed  bearings ;  measuring  the  out¬ 
side  diameter  and  wall  thickness  of 
permanent  mold  castings;  checking 
the  condition  of  butt  •  welds,  and 
porosity  of  castings;  and  automatic 
rejection  of  cracked  iron  or  steel 
castings.  Complete  special  machines 
have  been  built  for  the  automatic 
rejection  of  soft  tappets,  soft  tips 
of  valve  stems,  and  roll  inspection 
from  roller  bearings  as  well  as  for 
many  other  applications. 

In  looking  back  over  five  and 
one-half  years  of  electronics  in  the 
industrial  field,  one  finds  that  ordi¬ 
nary  units,  ordinary  machines,  or 
the  combination  of  the  most  simple 
electronics  with  the  most  simple  ma¬ 
chines  very  seldom  offer  the  answer 
to  the  specific  problem  set  forth  by 
the  engineer. 
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F-M  Noise  and  Interference 


This  survey  discusses  the  f-m  principle  in  noise  reduction,  the  extent  to  which  frequency- 
modulation  is  effective  in  reducing  various  types  of  interference,  compares  a-m  systems  with 
f-m  systems,  and  concludes  that  the  distribution  and  phase  relationships  of-  sidebands 
largely  explain  success  of  “staticless”  reception 


PROBABLY  the  outstanding 
reason  for  the  growing  use  of 
frequency  modulation  is  its  charac¬ 
teristically  low  noise  and  interfer¬ 
ence  levels.  It  is  the  purpose  of  the 
present  article  to  give  elementary 
explanations  of  these  effects,  and  to 
present  simple  formulas  for  practi¬ 
cal  use  in  the  calculation  of  f-m 
noise  and  interference. 

A  few  fundamental  facts  about 
modulation  will  not  be  out  of  place 
at  this  point.  An  audio  signal  con¬ 
sisting  of  a  pure  audio  tone  of  fre¬ 
quency  n  and  intensity  proportional 
to  or,  may  be  written  as  a  cos  2iTiit. 
If  this  signal  is  used  for  amplitude 
modulation  of  the  r-f  carrier,  A  sin 
2irft,  the  resulting  amplitude  modu¬ 
lated  signal  is 

.4  (1  -t-  A:  o  cos  2xm1)  sin  2x/t 

Xlsin  2t/<  ^  A»  sin  2t(/  -f-  n)l 

-I-  i  fco  sin  2x(/  —  m)<1  (1) 

where  fc  is  a  constant,  depending  on 
the  depth  of  modulation. 

The  result  of  amplitude  modula¬ 
tion  has  thus  been  the  generation 
of  two  sidebands  in  the  frequency 
spectrum.  These  are  displaced  from 
the  carrier  on  either  side  by  the 
audio  frequency  ^  and  have  a  magni¬ 
tude  equal  to  fra  2  times  the  carrier 
magnitude.  The  quantity  fra  is  called 
the  modulation  factor,  and,  in  ampli¬ 
tude  modulation,  can  never  exceed  1. 

If,  on  the  other  hand,  the  audio 
signal,  a  cos  2is/uif,  is  used  for  fre¬ 
quency  modulation  of  the  r-f  carrier, 
A  sin  2x/t,  the  resulting  frequency 
modulated  signal*  is 

.4  sin  |2x/<  -f-  (/)/m)  sin  2TfU] 

=  .4  J,  (D/m)  sin  2x/t 
-|-  J|(D,  m)  Isin  2x(/  +  “  sin  2x(/  —  ti)t] 

m)  l8in2x(/-t- 2m)<  +  8in2x(/ —  2)uVl 
+  Jt{D/ m)  Isin  2x(/  4-  3^)4 
-  sin  2x(/- 3M)d  + .  (2) 

The  result  of  frequency  modula¬ 
tion  has  thus  been  the  generation 
of  sidebands  displaced  from  the  car¬ 
rier  frequency  not  only  by  the  audio 
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frequency,  but  by  all  harmonicst  of 
the  audio  as  well.  The  magnitudes  of 
the  sidebands  are  no  longer  simply 
proportional  to  the  modulation  fac¬ 
tor  divided  by  2,  as  was  the  case  in 
amplitude  modulation,  but  are  now 
proportional  to  the  quantities 
J„(Z)//i).  These  quantities  are  called 
Bessel’s  functions,  and  vary  some¬ 
what  like  damped  sine  waves.  A 
group  of  them  is  shown  in  Fig.  1. 

The  instantaneous  frequency  of 
the  f-m  signal,  A  sin  [2ic/t4- (£>//*) 
sin  2x/it]  is 

1^)  sifi  2xm/! 

^  J  D  cos  2xm(  (3) 

The  maximum  frequency  deviation 
occurs  at  that  point  of  the  audio 
cycle  when  cos  27:/it  =  d=l.  At  that 
instant,  according  to  Eq.  (3),  the 
frequency  deviation  from  the  car¬ 
rier  is  equal  to  D.  The  extent  of  fre¬ 
quency  modulation  is  measured  by 
this  maximum  frequency  deviation. 
In  amplitude  modulation,  there  is  a 


*  In  a  uniform  sine  wave,  siu-h  as  sin  ut. 
the  freciuency  is  l/(2x)  times  the  rate  of 
change  of  the  argument  of  the  sine  function, 
or  in  other  words 

Id  01 


If  the  sine  function  is  not  uniform,  it  is 
customary  to  define  its  instantaneous  fre¬ 
quency  in  an  analogous  manner  as  l/(2x) 
times  the  rate  of  change  of  the  argument  of 
the  sine  function.  In  accordance  with  this 
definition,  the  f-m  signal  in  Eq.  (21. 

jlsln  |^2x/t  +  ^^^sin  2xm/  j 

is  shown  by  Eq.  (3)  to  have  a  frequency 
(f -i- D  cos  This  is  the  Justification 

for  saying  that  the  expression  in  Eq.  (21 
is  frequency  modulated  with  the  audio  signal 
a  cos  2x/(t.  The  constant,  D,  rejiresents  the 
maximum  frequency  deviation  of  the  signal 
from  that  of  the  unmodulated  carrier,  /. 
This  maximum  deviation  occurs  when  cos 
2xMt  =  ±  1.  The  constant,  D,  is  propor¬ 
tional  to  the  audio  signal  strength,  n,  as 
well  as  to  the  frequency  sensitivity  of  the 
transmitter. 

t  The  "liarmonic”  sidebands,  if  propor¬ 
tioned  as  in  Eq.  (2)  produce  no  distortion  in 
an  f-m  signal.  On  the  other  hand,  absence  of 
liarmonics  in  these  proportions  will  cause  dis¬ 
tortion. 


theoretical  limit  to  the  extent  of 
modulation,  namely  when  the  depth 
of  modulation  is  equal  to  the  carrier 
magnitude.  There  is  no  correspond¬ 
ing  theoretical  limit  (except  zero 
frequency)  to  the  extent  of  fre¬ 
quency  modulation.  In  practice,  the 
extent  of  modulation,  in  frequency 
modulation,  is  limited  by  the  gov¬ 
ernment’s  ruling  on  maximum  fre¬ 
quency  swing  or  by  the  modulation 
capabilities  of  the  transmitter.  The 
modulation  factor  in  f-m  is  defined 
as  the  ratio  of  the  frequency  devia¬ 
tion  to  the  maximum  permitted 
frequency  deviation. 

In  Fig.  2  are  showm  amplitude  and 
frequency  modulated  weaves  and 
their  sideband  components.^  In  Fig. 

3  are  shown  the  differences  in 
sideband  composition  for  various 
modulating  and  maximum  deviation 
frequencies. 

the  General  Problem  of  Interference 

In  amplitude  modulation,  as  is 
well  known,  the  ratio  of  audio  inter¬ 
ference  to  audio  signal  is  in  general 
the  same  as  the  ratio  of  r-f  interfer¬ 
ence  to  r-f  signal  arriving  at  the 
second  detector.  This  is  not  true  in 
frequency  modulation.  In  frequency 
modulation,  the  stronger  of  the  two 
r-f  signals  arriving  at  the  limiter 
grid,  tends  to  remove  the  audio 
effect  of  the  weaker. 

The  reason  for  this  is  illustrated 
in  Fig.  4,  w'here  the  two  r-f  signals 
are  represented  by  rotating  vectors, 
as  is  customary  in  studies  of  modu¬ 
lation.  Let  us  suppose  that  A  is  the 
desired  signal  and  B  is  the  interfer¬ 
ence.  The  resultant  of  the  two  is  R, 
and  the  rate  of  change  of  the  angle 
</>K  is  the  total  effective  frequency 
modulation. 

t  Note  that  amplitude  modulation  does  not 
ehange  the  carrier  energy,  but  it  adds  side¬ 
band  energy.  i)n  the  other  hand,  frequency 
modulation  decreases  the  carrier  energy  and 
puts  energj'  into  the  sidebands  in  such  a  way 
that  the  total  (carrier  J-  sideband)  energy 
is  independent  of  the  extent  of  modulation. 
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^9*  1 — A  group  oi  Betsel  functioiu.  plotted  for  order  0.  1.  2. 
and  8.  and  in  which  x  =  D/l*^.  To  use.  we  must  determine  x  from 
known  Talues  oi  D  ond  n 


Fig.  2 — Diagram  oi  modulated  wares  and  their  sideband  com¬ 
ponents  for  amplitude  modulation  (top)  and  frequency  modulation. 
Modulating  wore  is  sinusoidal 


It  is  apparent  from  the  figure  that 
even  if  the  angular  variation  of  B 
is  thousands  of  degrees,  it  will  not 
cause  much  change  in  <l>n,  for  the 
maximum  angle  between  R  and  A 
cannot  exceed  tan  *  B/A.  There¬ 
fore,  if  the  modulation  of  A  has  a 
large  deviation  ratio  (ratio  of  the 
maximum  deviation  frequency  to  the 
audio  frequency  which  is  the  case 
in  wide  band  frequency  modulation 
so  that  A  (and  therefore  R)  has 
several  complete  revolutions  in  one 
audio  cycle,  the  relative  effect  of  B 
on  the  overall  frequency  modulation 
will  be  very  small ;  considerably 
smaller  than  the  value  of  B/A  might 
lead  one  to  expect  from  amplitude 
modulation  experience.  Furthermore 
the  elimination  of  the  effect  of  B  be¬ 
comes  more  complete  as  the  maxi¬ 
mum  deviation  frequency  of  A  is 
increased. 

If  A  is  the  desired  f-m  signal  and 
B  the  interference,  then  the  audio 
signal  will  be  quite  free  from  inter¬ 
ference  so  long  as  A  is  greater  than 
B  during  all  portions  of  the  audio 
cycle.  If  the  relative  value  of  B  is 
then  increased,  there  is  a  rapid  rise 
in  the  amount  of  audio  interference 
when  B  approaches  the  value  of  A, 
and  by  the  time  B  exceeds  A  during 
all  portions  of  an  audio  cycle,  the  in¬ 


terference  has  completely  eliminated 
the  signal.  There  is  thus  a  sharp 
transition  from  good  signal  to  poor 
signal  as  the  relative  value  of  A  to  S 
is  decreased,  such  as  would  occur  at 
a  critical  distance  away  from  the  A 
transmitter.  Since  the  interference, 
B,  is  likely  to  have  amplitude  modu¬ 
lation  as  well  as  frequency  modula¬ 
tion,  the  transition  is  not  quite  as 
sharp  as  it  would  otherwise  be,  but 
it  is  still  very  striking. 

The  foregoing  discussion  gives  a 
general  idea  of  the  action  of  f-m  in 
reducing  interference.  It  is  next  de¬ 
sired  to  derive  quantitative  formu¬ 
las  for  the  action  of  f-m.  This  is 
quite  involved  mathematically  in 
the  general  case.  However,  as  will 
be  seen  in  the  following  sections,  in 
the  most  important  practical  case 
when  the  signal  is  considerably 
greater  than  the  interference  and  a 
good  limiter  is  used,  the  derivations 
become  quite  simple. 

A  different  type  of  noise  reduction 
exhibited  by  wide  band  f-m  receiv¬ 
ers,  but  which  can  also  be  achieved 
in  a-m  receivers,  is  described  in  foot¬ 
note  on  page  42. 

The  Simplest  Case  of  Inierference 

Probably  the  simplest  type  of  in¬ 
terference  in  a  radio  receiver  is  that 


produced  by  a  harmonic  wave  of 
fixed  amplitude  and  frequency,  such 
as  an  unmodulated  carrier,  B  sin 
2r.gt,  whose  intensity  is  small  rela¬ 
tive  to  that  of  the  desired  signal. 
Let  us  first  find  what  interference 
this  produces  in  an  amplitude  modu¬ 
lated  signal  receiver.  Let  the  signal 
carrier  be  A  sin  2izft.  Then  the  re¬ 
sultant  is 

A  sin  2irft  +  B  sin  2xgt  =  A  sin  2irft 
-f-  B  sin  2irft  cos  2x({^  —  f)l 
-j-  B  cos  2x/(  sin  2ir{g  —  f)l 
=  [A  +  B  cos  2ir{g  —  /)(]  sin  2x/( 

-f-  B  sin  2T{g  —  f)  cos  2x/( 

=  -I-  2.4B  cos  2ir(g  -  f)t  +  B''-  sin  1 2x/( 

.  tan- ‘  r  —  2x(g  -  /)(~|  I 

^  [a  +  B  cos  2ir{g  -  /)< J  j 

As  the  result  of  a  Taylor  series  e.x- 
pansion  the  amplitude  of  the  result¬ 
ant  is  then,  approximately, 

V  A*  +  2.4B  cos  2irig  -  f)t  +  B^ 

=  ^[1  -t-  (B  .4)  cos  2x{g  -  f)t]  (5) 

provided  that  A  is  much  larger  than 
B.  Comparison  of  the  right  side  of 
Eq.  (5)  with  the  left  side  of  Eq.  (1) 
indicates  that  the  interference 
causes  an  effective  interference 
modulation  factor  of  B  A.  Further¬ 
more,  the  interference  modulation 
frequency  is  (g—f). 
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Fig.  3 — Spectrum  distribution  in  iroquoncy-modulatod  systom.  for 
Torious  doTiation  frequoncios,  D.  and  modulating  frequencies, 
Compare  top  and  bottom  curres  for  which  D/^  =  10  in  both  cases 


Fig.  4 — Rotating  rectors  representing  i-m  signals.  Vector  B  is  the 
interfering  signal,  A  is  the  desired  signal,  R  is  the  resultant 


Let  US  next  see  what  effective  in¬ 
terference  modulation,  the  same  sig¬ 
nal  B  sin  2r.gt  produces  in  a  fre¬ 
quency-modulated  signal  receiver 
with  the  same  signal  carrier.  To 
find  this,  we  refer  again  to  Eq.  (4). 
If  it  is  again  assumed  that  A  is 
much  larger  than  B,  then,  approxi¬ 
mately 


•  ro  ♦  -*  f  sin  2ir{ig  —  /)t1 

sin  2ir/t  +  tan  -  - - — 

.4  +  0  cos  —  })i\ 


sin  2ir(g  — 

+  B  cos  2ir{g 
=  sin  \2irfl  +  (B/  .4)  sin  2Tr{g  —  f)t]  (6) 


Therefore,  by  comparison  with  the 
left  side  of  Eq.  (2),  we  see  that  the 
modulation  factor  is 

f  ■  ( -  7, 0 

where  D  is  the  maximum  frequency 
deviation  of  the  f-m  system.  The 
modulation  factor  of  the  interfer¬ 
ence  in  frequency  modulation  is  con¬ 
sequently  less  than  in  the  corre¬ 
sponding  a-m  case  by  the  ratio 
i9—f)/D.  It  is  therefore  clear  that 
the  interference  is  reduced  in  the 
same  proportion  as  the  maximum 
deviation  of  the  f-m  system  is  in¬ 
creased,  as  already  indicated  in  our 
general  discussion  of  interference  in 
the  preceeding  section.  Equation 


(6)  shows  that  audio  interference 
signal  has  the  frequency  (g—f)  just 
as  in  the  a-m  case.  It  also  shows  the 
further  important  fact  that  the 
modulation  factor  of  the  interfer¬ 
ence  is  directly  proportional  to  the 
audio  frequency  (g—f). 

Common  Channel  Interference 

Common  channel  interference  is 
the  interference  between  the  desired 
signal  and  an  interfering  signal  of 
approximately  the  same  carrier  fre¬ 
quency.  The  modulation  produced 
on  the  desired  carrier,  by  the  inter¬ 
fering  carrier  and  its  sidebands  is 
the  measure  of  common  channel  in¬ 
terference. 

For  the  sake  of  simplicity,  we 
shall  assume  that  both  the  interfer¬ 
ing  and  the  desired  carriers  are  un¬ 
modulated.  Then,  in  accordance 
with  the  analysis  of  the  preceding 
section,  the  modulation  factor  of  the 
interference  is  B/A  in  the  ampli¬ 
tude-modulation  case,  and  is 
B  ig—f/AD  in  the  frequency-modu¬ 
lation  case.  Here,  as  before,  B  and  A 
are  the  relative  signal  strengths  of 
the  interfering  and  signal  carriers, 
g—f  is  the  difference  frequency  be- 
tw’een  the  carriers,  and  D  is  the 
maximum  frequency  deviation  of  the 


f-m  system.  In  the  case  of  wide 
band  frequency  modulation,  D  is 
greater  than  the  highest  audio  fre¬ 
quency  passed  by  the  receiver,  so 
that  common  channel  interference 
in  f-m  is  necessarily  less  than  it  is 
in  amplitude  modulation.  This  is  a 
distinct  advantage  of  frequency 
modulation. 

Present  f-m  transmission  stand¬ 
ards  call  for  an  accentuation  of  high 
audio  tones  at  the  transmitter,  with 
an  equalization  of  the  system  by  a 
corresponding  decrease  in  high  fre¬ 
quency  response  at  the  receiver. 
This  decrease  in  high  frequency  re¬ 
sponse  at  the  receiver  is  approxi¬ 
mately  linear  above  1500  cps.  The 
f-m  carrier  difference-frequency  in¬ 
terference  is  therefore  limited  to 
1500  B  'AD  regardless  of  the  pitch 
of  the  carrier  difference-frequency. 
At  the  frequencies  at  which  fre¬ 
quency  modulation  is  now  broadcast 
(42  Me  to  50  Me),  the  pitch  of  the 
difference-frequency  will  vary  rap¬ 
idly  throughout  the  audio  range  at 
all  times  due  to  frequency  drift  so 
that  1500  B/AD  is  a  good  approxi¬ 
mation  to  the  average  common  chan¬ 
nel  interference.  By  a  more  elaborate 
study*,  it  can  be  shown  that  this  ap¬ 
proximation  for  the  average  inter- 

•  S.  Goldman.  IRE  Convention.  June,  1940. 


ELECTRONICS  — 1^41 


39 


CHANNEL 


40 


2odb 


3000  ~  A  U  DIO 
7  5  K  C  VAX  OEV'ATiON 
MODULATION  FACT0H= 


CHANNEL  B 

5000  ~  AUDIO 
75\KC  WAX  deviation 

MODULATION  factor- 


r*D  ff  tftd  Tf-D  fr  ’fVD 

fA")  magnitudes  of  adjacent  channel  sidebands 
X  J  AT. receiver  input 


Oal^ 


^/(djacent 

CHANNEL 

signal 


fxD  f-o  f'  r«o 

(A)  INTENSITIES  a  frequencies  CF  INCOMING  SIGNALS 


£Oal>. 


(B)  RECEIVER  selectivity 


4odt> 


20ab 


40</a 


,  V  “  200  KC 

RECEIVER  selectivity  CURVE 


ZOdb  . 


ff-D  TF 

(C)  MAGNITUDES  OF  ADJACENT  CHANNEL  SIDEBANDS 
ARRIVING  AT  LIMITER  GRID 


Fig.  6 — Amplitude-irequency  •pectnim  of  frequency-modulated 
eignalf  in  two  adjacent  channel!,  for  interfering  signal  in  adjacent 
channel  6  dh  greater  than  desired  signal 


- f-  CONDITION  OF  Ea(9)  SATISFIED 

-  NO  INTERFERENCE 
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(C}INTENSITES  a  FREQUENCIES  OF  SIGNALS 
AT  limiter  grid 


Fig.  5 — Graphical  study  of  adjacent  channel  sideband  inter¬ 
ference,  for  adjacent  channel  6  db  aboee  desired  channel  signal. 
Shaded  areas  indicate  desired  and  undesired  signals 


ference  is  still  valid  even  when  both 
carriers  are  modulated  by  a  normal 
program. 

With  present  f-m  standards,  D  is 
normally  75,000  cps.  Therefore  f-m 
common  channel  interference  is 

1500  ^  i.  ^ 

75000  ■  xl  50  xl 

or  about  one  fiftieth  of  what  it  would 
be  for  the  corresponding  case  in 
amplitude  modulation. 


Adjacent  Channel  Interference 

In  the  case  of  adjacent  channel 
interference  on  present  f-m  chan¬ 
nels,  the  carrier  difference-frequency 
note  is  far  above  audibility,  so  that 
it  no  longer  causes  interference. 
However,  the  higher  order  sidebands 
in  frequency  modulation  extend  so 
far  away  from  the  carrier  that  in¬ 
teraction  between  sidebands  may  be 
of  audible  frequencies.  The  selec¬ 
tivity  of  4;he  receiver  also  enters  into 
the  adjacent  channel  interference 
picture,  so  that  all  in  all  it  is  quite 
a  different  story  from  the  common 
channel  case. 


There  are  two  ways  of  treating 
f-m  adjacent  channel  interference, 
one  of  which  may  be  called  static 
and  the  other  dynamic.  Both  of 
these  treatments  must  be  used  for  a 
complete  picture.  In  the  static  treat¬ 
ment  we  consider  the  carrier  and 
sidebands  as  shown  in  Fig.  5A  and 
the  selectivity  of  the  receiver.  The 
magnitude  of  sidebands  getting  to 
the  limiter  grid  as  a  result  of  the 
selectivity,  is  shown  in  Fig.  5C.  If 
we  know  the  magnitudes  of  these 
sidebands,  we  can  calculate  the  in¬ 
teraction  of  audible  frequencies.  It 
is  by  no  means  obvious  that  the  in¬ 
teraction  of  sidebands  in  frequency 
modulation  will  give  rise  to  audio 
or  how  large  this  audio  will  be. 
However,  it  has  been  shown*  that 
the  interaction  of  two  adjacent  chan¬ 
nel  signals  will  give  audio  of  the 
difference  frequencies  of  the  adja¬ 
cent  channels’  sidebands  and  of 
amounts  proportional  to  the  prod¬ 
ucts  of  the  magnitudes  of  the  side¬ 
bands  multiplied  by  the  factor  audio 
difference  frequency,  divided  by  the 

*  S.  Goldman,  IKE  Convention,  June,  1940. 


maximum  deviation  frequency  of 
larger  signal  carrier  at  limiter.  This 
derivation  is  rather  involved  and 
will  not  be  reproduced  here. 

In  the  dynamic  treatment  of  f-m 
adjacent  channel  interference,  we 
consider  the  carriers  of  constant  in¬ 
tensity  but  varying  in  frequency  as 
shown  in  Fig.  6.  If  now,  during  any 
appreciable  portion  of  an  audio  cycle, 
the  interfering  carrier  intensity  ar¬ 
riving  at  the  limiter  grid  exceeds 
that  of  the  signal  carrier,  then,  as 
shown  previously  in  discussing  the 
general  problem  of  interference,  the 
signal  is  ruined  as  a  high  quality 
signal.  If,  on  the  other  hand,  the 
level  of  the  desired  signal  exceeds 
that  of  the  interfering  signal  at  the 
limiter  grid  during  all  portions  of 
the  audio  cycle  then  it  may  be  shown 
mathematically  for  all  normal  sig¬ 
nals  that  the  adjacent  channel  in¬ 
terference  will  be  at  least  60  db 
below  the  signal  level.  The  condition 
indicated  in  italics  thus  is  both  nec¬ 
essary  and  sufficient  for  an  f-m  sig¬ 
nal  free  from  adjacent  channel 
interference.  This  condition  may  be 
expressed  by  the  following  formula: 
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Fig.  7 — Shaded  areas  are  proportional  to  the  eiiectiTe 
Tolues  of  sideband  noise  for  three  difierent  types  oi 
receieers 


AGi  >  EGi  (9) 

where  A  is  the  level  of  the  desired  signal  at 
the  input  of  the  receiver, 

Gi  is  the  gain  of  the  receiver  at  the 
frequency  of  maximum  deviation  of 
the  signal  toward  the  adjacent 
channel, 

E  is  the  level  of  the  adjacent  channel 
interfering  signal  at  the  input  of  the 
receiver,  and 

Gr  is  the  gain  of  the  receiver  at  the 
frequency  of  maximum  deviation  of 
the  adjacent  channel  toward  the 
signal  channel. 

According:  to  Eq.  (9),  there  must  be 
enough  receiver  selectivity  in  the 
frequency  range  between  the  fre¬ 
quencies  of  maximum  deviation  of 
the  signals  toward  each  other,  to 
take  care  of  the  difference  in  level 
of  the  desired  and  adjacent  channel 
signals  at  the  input  of  the  receiver. 

Random  and  Impulse  Noise 

While  any  undesired  response  of 
a  radio  receiver,  such  as  hum,  ad¬ 
jacent  channel  interference,  etc., 
may  be  called  noise,  we  wish  to  con¬ 
sider  here  particularly  the  two  kinds 
of  noiset  usually  called  random  noise 

t  The  principal  formulas  of  this  section 
were  originally,  derived  by  Croslty,  riot. 
I.K.E.,  April,  l!t37. 


and  inapulse  noise.  Random  noise 
is  a  general  type  of  noise  such  as  the 
interchannel  noise  of  a  very  sensi¬ 
tive  radio  receiver.  This  noise  is 
due  to  a  continuous  distribution  of 
nondescript  radio  frequency  signals 
of  unrelated  phases.  Interaction  be¬ 
tween  these  radio  frequency  noise 
signals  and  a  strong  signal  carrier 
gives  rise  to  audible  noise.  Inter¬ 
action  between  the  r-f  noise  signals 
themselves,  also  gives  rise  to  audible 
noise,  but  this  is  of  much  smaller 
amount  in  amplitude  modulation, 
and  is  negligible  in  frequency  modu¬ 
lation,  if  a  carrier  is  present. 

The  audio  noise  consists  of  terms 
of  the  type  described  by  Eq.  (5) 
and  {B  A),  in  amplitude  modulation 
and  terms  described  by  Eqs.  (6)  and 
(7)  in  frequency  modulation.  The 
shaded  areas  in  Fig.  7  show  the 
magnitudes  of  the  audio  effects  of 
these  sidebands  in  accordance  with 
{B  A)  and  Eq.  (7). 

Since  the  phases  of  the  r-f  signals 
in  random  noise  are  unrelated,  the 
total  noise  modulation  factor  is  equal 
to  the  square  root  of  the  sum  of  the 
squares  of  all  these  terms.  Thus  the 


noise  in  amplitude  modulation  is 
proportional  to  the  square  root  of 
the  band-width.  This  may  be  ex¬ 
pressed  by  the  formula 

Noise  =  K  ^JF,  (10) 

where  iiC  is  a  constant,  and  F,  is  the 
highest  audio  frequency  reproduced 
by  the  receiver.  It  then  follows  from 
Fig.  7  that  in  frequency  modulation. 


Noise' 


/) 


K  F, 
V3  D 


(11) 


Consequently  for  random  noise,  fre¬ 
quency  modulation  is  superior  to 
amplitude  modulation  by  a  (voltage) 
factor  of  V3  D  'F,  in  case  there  is 
no  receiver  equalization.  For  the 
equalized  receiver,  the  improvement 
ratio  of  frequency  modulation  over 
amplitude  modulation  is  approxi¬ 
mately  D  1500=50  for  random 
noise,  if  Z)=75,000  cps. 

Let  us  next  consider  impulse 
noise,  for  those  cases  in  which  the 
signal  exceeds  the  noise  peaks. 
This  is  noise  characterized  by  high 
peaks  of  short  duration,  such  as  are 
generated  by  automobile  ignition 
systems,  and  by  many  important  nat¬ 
ural  and  man-made  sources.  The 
components  of  impulse  noise  are  es¬ 
sentially  spread  uniformly  over  the 
transmission  band  of  a  receiver  in  a 
way  similar  to  the  frequency  spread 
of  random  noise.  However,  the 
phases  of  impulse  noise  components 
are  not  spread  at  random,  f  It  is 
clear  physically  and  may  be  demon¬ 
strated  by  Fourier  analysis  that 
when  an  impulse  is  at  its  peak,  its 
frequency  components  must  be  in 
phase.  Therefore  the  total  noise 
modulation  factor  of  impulse  noise 
components  is  the  sum  of  that  of  the 
individual  components,  and  is  not  an 
r-m-s  value.  Consequently,  in  ampli¬ 
tude  modulation  systems,  the  peak 
voltage  of  the  resultant  of  the  fre¬ 
quency  components,  the  peak  volt¬ 
age  of  the  transmitted  impulse 
noise,  is  directly  proportional  to  the 
bandwidth  of  the  transmission  sys¬ 
tem  of  the  receiver.  This  is  quite 
different  from  the  case  of  random 
noise,  in  which  the  peak  voltage  is 
proportional  to  the  square  root  of 
the  bandwidth  of  the  transmission 
system.  Wide  band  reception  makes 
impulse  peaks  higher  and  therefore 
makes  it  more  likely  that  they  will 


t  V.  D.  I.andon,  Proc.  I.R.E.,  Nov. 
p.  1514. 
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exceed  the  signal  level  and  thus 
cause  serious  interference.  Conse¬ 
quently,  in  weak  signal  areas,  igni¬ 
tion  noise  may  be  more  disturbing 
in  wide  band  frequency  modulation 
than  in  narrow  band  frequency 
modulation  or  in  amplitude  modula¬ 
tion. 

It  may  readily  be  shown  mathe¬ 
matically  that  the  peak  frequency 
deviation  caused  by  impulse  noise, 
or,  in  other  words,  the  peak  f-m  im¬ 
pulse  noise,  is  likewise  proportional 
to  the  sum  of  the  effects  of  the  com¬ 
ponents  in  the  band  width  of  the 
transmission  system.  This  band 
width  is  the  audio  frequency  trans¬ 
mission  band  of  the  receiver,  since 
any  higher  frequency  noise  com¬ 
ponents  are  lost  in  the  audio  ampli¬ 
fier  and  speaker.  In  the  case  of  any 
single  impulse,  both  the  frequency 
modulation  and  amplitude  modula¬ 
tion  effects  of  the  impulse  depend 
upon  the  phase  of  the  r-f  signal  car¬ 
rier  at  the  instant  that  the  impulse 
occurs.  These  phase  effects  will, 
however,  average  ou£  in  any  overall 
picture. 

The  relative  values  of  impulse 
noise  are  therefore. 

Impulse  noise  >=  A;  F,  (12) 

for  amplitude  modulation  and 


Impulse  noise  =  k  ^  ^ 


F  * 
k 

2D 


d{g-J) 

(13) 


for  frequency  modulation.  Conse¬ 
quently  frequency  modulation  is  su¬ 
perior  to  amplitude  modulation  for 
impulse  noise  by  a  (voltage)  factor, 
2D/F.  in  case  there  is  no  receiver 
equalization.  For  the  equalized  re¬ 
ceiver,  the  improvement  ratio  of  fre¬ 
quency  modulation  over  amplitude 
modulation  is  approximately 
D/1500=75,000/1500=50  for  im¬ 
pulse  noise.  This  is  the  same  ratio 
as  for  random  noise. 


Discyssien 

In  the  foregoing  treatment,  for¬ 
mulas  were  derived  to  show  the 
amount  of  interference  and  noise  re¬ 
duction  in  frequency  modulation  sys¬ 
tems.  These  formulas  were  derived 
on  the  assumption  that  the  r-f  sig¬ 
nal  reaching  the  limiter  tube  w'as 
considerably  greater  than  the  inter¬ 
ference.  This  is  quite  a  justifiable 
assumption  in  deriving  the  interfer¬ 
ence  reduction  obtained  in  frequency 
modulation  systems,  for  if  the  con¬ 
dition  is  not  satisfied  and  the  inter¬ 


ference  at  the  limiter  tube  is  greater 
than  the  signal,  then  as  was  pointed 
out,  there  is,  except  in  special  cases,* 
no  reduction  in  interference  at  all, 
but  rather  an  increase  in  it.  The 
derivations  also  assumed  that  only 
frequency  modulation  gave  rise  to 
audio  in  the  f-m  receiver.  In  other 
words,  a  perfect  limiter  was  as¬ 
sumed.  The  formulas  derived  thus 
show  to  what  extent  frequency 
modulation  reduces  interference  un¬ 
der  conditions  when  it  does  so  best. 

The  real  explanation  of  frequency 
modulation’s  effectiveness  is  to  be 
found  in  the  distribution  and  phase 
relations  of  the  f-m  sidebands.  To 
understand  this,  suppose  that  an 
audio  signal  amplitude  modulates  an 
r-f  carrier  of  say  two  megacycles 
and  that  this  modulated  carrier  is 
amplified  by  a  high  gain  amplifier 
which  has  uniform  amplification  in 
the  entire  frequency  range  from 
zero  to  four  megacycles.  If  the  out¬ 
put  of  this  amplifier  is  observed  on 
an  oscilloscope,  the  noise  will  be  tre¬ 
mendous  and  will  mask  the  signal 
unless  the  latter  is  very  large.  If, 
however,  the  amplifier  is  tuned  and 
only  passes  a  signal  in  the  region 
within  ztlO  kc  of  the  carrier,  the 
noise  will  be  greatly  reduced  while 
the  signal  will  be  practically  un¬ 
affected,  so  that  a  tremendous  im¬ 
provement  in  the  signal  tq  noise 
ratio  will  be  observed.  This  shows 
how  frequency  selectivity  reduces 
noise.  On  the  other  hand,  mistuning 
of  an  i-f  amplifier  will  demonstrate 
very  quickly  how  frequency  selec¬ 
tivity  reduces  adjacent  channel  in¬ 
terference. 

The  next  question  which  naturally 
arises  is  why  frequency  modulation 
reduces  interference.  Prior  to  an 


*  In  the  ease  of  impulse  noise  of  very  hish 
peaks  of  very  short  duration,  there  is  an¬ 
other  effect  which  works  to  the  advantaRe  of 
wide  band  f-m  systems,  which  in  effect, 
however,  is  not  peculiar  to  frequency  modu¬ 
lation. 

Short  duration  impulses  are  always  spread 
out  in  the  i-f  amplifier  of  a  receiver,  the 
amount  of  spread  being  inversely  propor¬ 
tioned  to  the  band  width  of  the  1-f  ampli¬ 
fier.  This  is  a  well-known  property  of 
tuned  circuits.  Now  a  sharp  impulse  will 
cause  a  tremendous  frequency  shift  in  the 
f-m  signal,  corresponding  with,  although 
not  necessarily  proportional  to,  the  high 
amplitude  peak.  However,  the  band  widths 
of  most  i-f  amplifiers  and  the  outputs  of 
most  slope  detectors  in  use  are  limited  to 
very  little  more  than  that  produced  hy  a 
75  kc.  frequency  shift.  A  band  width  of 
±  75  kc  from  the  carrier  is  nevertheless 
still  sufficiently  wide  to  reduce  the  duration 
of  the  impulse  to  a  very  short  time.  The 
maximum  audio  output  produced  by  an  im- 

fiulse  is  thus  limited,  whereas  its  duration 
s  kept  short.  The  overall  effect  of  highly 
peaked,  very  short  duration  impulses  is 
therefore  greatly  reduced  in  wide  band  f-m 
receivers. 

This  phenomenon  is  of  considerable  prac¬ 
tical  importance,  but  as  already  mentioned, 
it  is  not  peculiar  to  frequency’  modulation. 
Wide  band  a-m  receivers  with  amplitude 
limiting,  would  show  the  same  property. 


investigation,  it  might  be  supposed 
that  the  limiter  tube,  by  cutting  off 
noise  peaks,  was  the  important  fac¬ 
tor  in  noise  reduction.  This,  how¬ 
ever,  is  not  the  answer;  because 
noise  peaks  which  exceed  the  signal 
will  be  just  about  as  noisy  in  f-m 
as  in  a-m  receivers  and  it  is  only 
when  the  signal  reaching  the  limiter 
exceeds  the  interference  that  fre¬ 
quency  modulation  is  effective.  The 
real  and  very  important  increase  of 
the  limiter  is  that  it  strips  the 
signal  of  amplitude  modulation  and 
allows  f-m  to  do  its  work. 

In  the  case  of  an  f-m  signal  there 
is  a  combined  system  of  amplitude, 
frequency,  and  phase  selectivity. 
The  selective  circuit  in  this  case  is 
the  discriminator  or  slope  detector 
in  combination  with  the  audio  ampli¬ 
fier  of  restricted  band  width.  If  a 
signal  comes  to  this  detector  with 
amplitude,  frequency,  and  phase  re¬ 
lations  of  its  components  such  as 
shown  on  the  right  side  of  Eq.  (2), 
these  components  will  combine  in 
such  a  way  as  to  give  maximum  fre¬ 
quency  shift  at  an  audio  frequency 
rate  and  consequently  maximum 
audio  output.  If  on  the  other  hand 
the  amplitude,  frequency,  and  phase 
relations  of  the  components  are  not 
those  shown  on  the  right  side  of 
Eq.  (2),  they  will  not  combine  effi¬ 
ciently  10  give  frequency  shift  at  an 
audio  frequency  rate.  The  combina¬ 
tion  of  carrier  and  sidebands  on  the 
right  side  of  Eq.  (2)  has  the  prop¬ 
erty  that  it  will  produce  extremely 
large  frequency  shifts  at  a  low 
audio  frequency  rate  as  compared 
with  what  would  be  produced  by  a 
random  distribution  of  carrier  and 
sideband  components  of  the  same 
energy.  Thus  the  slope  detector  in 
combination  with  the  audio  ampli¬ 
fier  effectively  selects  those  signals 
with  amplitude,  frequency,  and 
phase  relations  of  their  components 
similar  to  those  shown  on  the  right 
side  of  Eq.  (2). 

The  explanation  of  the  effective¬ 
ness  of  frequency  modulation  in  re¬ 
ducing  noise  and  interference  may 
therefore  be  considered  as  a  general¬ 
ized  type  of  selectivity.  It  would 
be  interesting  to  consider  possible 
uses  of  other  types  of  selective 
circuits.  A  different  type  of  com¬ 
bined  amplitude,  phase  and  fre¬ 
quency  selectivity  already  used  in 
radio  receivers  is  the  demodulation 
of  a  weak  carrier  by  a  strong  one  at 
the  second  detector. 
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Frequency  Response 
of  Parallel  Resonant  Circuit 


By  MYRIL  B.  REED 

Iltinoig  Ingtilute  of  Technologit, 
Chicago,  III. 


The  two-branch  parallel  circuit, 
commonly  called  a  wave  trap, 
Fig.  1,  is  very  widely  used  in  both 
communication  and  power  net-works, 
power  factor  and  voltage  control  in 
power  systems,  and  tuning  and  filter¬ 
ing  in  communication  systems. 

This  paper  gives  in  a  readily 
usable  form  the  results  of  a  com¬ 
plete  mathematical  study  of  the  cur¬ 
rent  versus  frequency  response  of 
the  wave  trap. 

A  mathematical  analysis  of  the 
total  current  as  a  function  of  fre¬ 
quency  may  be  carried  out,  for 
constant  generator  voltage,  E,  by 
studying  the  admittance  expression : 


-t- 


/  2t/L  ^Jc  \ 

+  ,,  ,  ,  1  I 


Also  of  interest  is  the  phase  angle 
between  the  generator  voltage  and 
the  current  flowing  into  the  parallel 
circuit.  This  angle,  given  by 


d 


“  RcZP  -h  RtZc*’ 


% 


Fig.  1  (Above) — Circuit  diagram  of  parallel 
resonant  circuit,  with  resistance  in  both 
arms,  and  lor  which  analysis  applies 


Fig.  2  (Right) — Admittance  and  phase  angle 
curves  used  in  example,  but  typical  of  all 
possible  operating  conditions  of  LC  circuit. 
For  all  frequencies,  <^=0 


is  positive  if  current  leads  voltage. 

A  graphical  representation  of  the 
behavior  of  the  w’ave  trap  is  shown 
in  Fig.  2.  As  shown,  there  are  five 
general  forms  of  the  admittance  or 
current  versus  frequency  relation.  In 
addition  to  the  well  known  constant 
and  minimum  value  relations  (curves 
Yt  and  Yt  and  the  corresponding  Oi 
and  6,  curves)  there  are  the  maxi¬ 
mum  value  (Y,),  decreasing  (Y,), 
and  increasing  (Y,)  admittance  func¬ 
tions  with  the  corresponding  phase 
functions  63,  B,,  and  fli.  As  may  be 


shown  mathematically,  these  five 
pairs  of  curves  constitute  all  possi¬ 
bilities,  The  relative  frequencies  at 
which  the  maximum  or  minimum 
values  of  Y  and  unity  power  factor 
resonance  occur  are  shown  on  the 
curves  and  in  the  tabulation  below. 

The  determination  of  which  one 
of  the  five  admittance-frequency 
responses  a  particular  wave  trap  will 
have  is  ordinarily  difficult.  However, 
by  means  of  the  following  system  of 
inequalities,  it  is  easy  to  determine 
such  features  of  a  wave  trap  as: 
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whether  it  will  resonate,  whether 
resonant  frequency,  if  it  exists,  is 
at  a  higher  or  lower  frequency  than 
that  at  maximum  or  minimum  ad¬ 
mittance,  whether  the  admittance 
function  has  a  miximum  or  mini¬ 
mum,  and  whether  the  angle  6  is  lead 
or  lag. 

In  the  following  table,  let 
/r  be  the  resonant  frequency,  (cur¬ 
rent  and  voltage  in  phase), 

/„  be  the  frequency  at  which  mini¬ 
mum  current  occurs, 
fu  be  the  frequency  at  which  maxi¬ 
mum  current  occurs. 

L  be  the  inductance  in  the  inductive 
brance, 

C  be  the  capacitance  in  the  capacitive 
brance, 

Rl  be  the  resistance  of  the  inductive 
arm,  and 


Rc  be  the  resistance  of  the  capacitive 
arm. 

Then,  depending  upon  the  relative 
magnitude  of  RcRt  with  respect  to 
that  of  L/C,  there  are  three  possible 
cases  to  be  analyzed,  as  shown  in  the 
table.  By  proper  selection  of  the  ap¬ 
propriate  circuit  conditions,  the  table 
may  be  used  to  determine  the  circuit 
response  for  any  possible  physical 
condition  which  may  be  encountered. 

The  use  of  this  system  of  relations 
can  best  be  illustrated  by  an  example. 
Assume  Rc  —  2000  ohms,  Rl  =  100 
ohms,  L  =  1  henry,  and  C  =  10* 
farad.  Then 

RcRl  =  2  X  10*  >  1(H  -  L/C 

«c*  =  4  X  10*  >  L/C,  and  =  10*  <  L/C 

Rl*  +  L/O*  =  121  X  10’  >  42  X  10» 

=  2Rl'{Rl*  +  RcRl). 


From  the  third  from  the  last  row 
of  case  III  the  admittance  equation 
is  a  decreasing  function  (see  Yt  of 
Fig.  2)  which  will  never  be  resonant, 
and,  since  Rc>Rl,  from  case  III, 
0<O,  or  the  circuit  power  factor  is 
lagging  for  all  frequencies  as  shown 
in  curve  of  Fig.  2. 

If  iJc=l  ohm,  /2i.=100  ohms,  C= 
10  *  farad,  and  L=1  henry 
RcRl  <  L/C/Rc*  <  L/C;  and  Rl*  <  L/C 
hence  from  case  I  the  admittance 
has  a  minimum,  f„  at  50.2  cps  as 
shown  by  curve  Yt  of  Fig.  2.  Also, 
since  Rc<Rl,  the  minimum  admit¬ 
tance  is  at  higher  frequency  than 
resonance,  /,=45.3  cps.  Also,  from 
case  I,  e>0  or  leading  for  frequen¬ 
cies  above  resonance  and  fl<0  or 
lagging  for  frequencies  below  re¬ 
sonance. 
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Circuit  Element  Relations 

1 

i  Response-Fre<iuenc7 

Resonance  and  Phase 

'  Relotion 

Relations 

Case  I- 

RcRl  <L/C 

Circuit  is  resonant. 

t 

[Rl  >Rc;Sm  >  fr  1 

f  <fr;e  <0 

Rl 

<  L/C 

1  i 

t 

Rl  —  Rc;fm  —  fr  —  _  1 

/  =  /,;  =  0 

Rc 

<  LC 

2WLC  1 

Rl  <  Rc",  fm  <  fr  1 

f  >fr;0  >0 

t 

*  ^ 

Curve  has  a  minimum  at  /„ 

Rl 

=  L/C; 

Rc  <L/C  1 

t 

Rl 

<  L/C; 

rI  =  L/C  1 

i 

Circuit  is  not  resonant 

s 

Rl 

O  ' 

<  L/C  1  ^ 

{iL  +  L/C)*  >2Rc*iRc*+RcRL)  J 

i 

1 

i 

t  11 

Rc 

>  L/C] 

(72c  -I"  L/C)*  ^  272c(72c  +  RcRl) 

Y  decreases:  curve  has  no  maximum  or  minimum. 

Rl  >  R  c",  0  >0 

t 

1  11 

1 

Rl 

>L/Cl 

(Rl  +  L/C)*  g  272i(72/.  +  RcRl) 

Y  increases;  curve  has  no  maximum 

or  minimum 

72/.  <Rc;0  <0 

U 

•• 

1  *  « 

Rc 

<  L/c] 

{Rl  4-  L/C)*  >  2Rl{Rl  +  RcRl) 

Curve  has  a  minimum  at  fm 

Case  II  — 

RcRl  —  L/C 

rI  <L/C  1 

1 

Y  decreases:  curve  has  no  maximum  or  minimum  j 

Circuit  is  not  resonant 

rI  >  L/C  j 

1 

*  f 

*  1 

•  i 

Rl  <  Rc;  0  <0 

Rl  >L/C 

Y  increases;  curve  has  no  maximum 

or  minimum  | 

Rl  >  Rc,0  >0 

r'c  <L/C  J 

J 

Rl  =  Rc  —  L/C 

1  Y  =  y/C/L,  and  curve  is  constant  for  every  fre- 

Circuit  is  resonant  at 

1  quency 

every  frequency 

0  =  0  always 

Case  III  — 

RcRl  >  L^C 

1 

Rl  >  Rc;fm  >fr 

Circuit  is  resonant 

t 

Rl 

>  L/C  \ 

Rl  =  Rc;U  =  fr  =  - - - 

/  =  fr;  0  =  0 

t 

Rc 

1 

>  L/C 

2tVLC 

^Rl  <  Rc;fm  >  fr  j 

Curve  has  a  maximum  at  fm 

f  >fr;»  <0 

s 

Rl 

=  L/C; 

*  r 

Rc  >  L'C  ; 

f<fr;0  >0 

2 

Rl 

>L  C; 

72c  =  L/C 

2 

i 

1  11 

Rl 

<  L  c :  , 

{Rl  +  L/C)*  <  2Rl{Rl  +  72c72l)] 

Circuit  is  not  resonant 

2 

' 

2  2  1 

1 

Rc 

>  L,C, 

[{Rl  +  L/C)*  ^  2Rl{Rl  +  RcRl) 

Y  decreases;  curve  has  no  maximum  or  minimum 

Rl  >  Rc",  0  >0 

2 

( 

2  2  2 

Rl 

>  L/C  1 

(72c  +  L/C)*  ^  272c(72c  4-  RcRl) 

1'  increases;  curve  has  no  maximum 

or  minimum 

Rl  <  Rc;  0  <0 

2 

1  1  1 

<L‘C\ 

[(72c  4- VC)*  <  272c(72c4-72c720 

Curve  has  a  maximum  at  fm 
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Cinch  and  Oak  Radio  Sockets  are  licensed 
under  H.  H.  Eby  socket  patents 


Often  everything  is  up  to  depend¬ 
able  communicatioa  Always  the 
smallest  CINCH  parts;  sockets,  bind¬ 
ing  posts,  terminal  strips,  lugs... 
can  be  depended  upon.  Each  part 
is  designed  and  made  with  one 
thought  in  mind  —  to  give  its 
utmost . . .  constantly.  Already  many 
of  them  are  “doing  their  duty”  in 
the  first  lines  of  communication 
for  defense.  And  were  proud  to 
have  our  little  parts  in  this 
national  emergency. 


MANUFACTURING  CORPORATION^ 


2335  WEST  VAN  BUREN  STREET 
CHICAGO,  ILLINOIS 


SUBSiOIARY  OF  UNITEO-CARR  FASTENER  CORP.,  CmflRiRRE,  MASS. 
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TUBES  AT  WORK 


this  is  not  generally  an  important  item. 
Should  it  become  important  a  solution 
lies  in  the  small  portable  storage  bat¬ 
tery. 

The  electrical  characteristics  of  the 
amplifiers  must,  of  course,  be  at  least 
as  good  as  those  set  forth  in  the 
“Standards  of  Good  Engineering  Prac¬ 
tice.”  However,  since  the  amplifiers 
are  to  be  used  as  part  of  an  integrated 
system  of  remote  amplifying  equip¬ 
ment,  their  characteristics  must  be  bet¬ 
ter  than  those  dictated  by  the  state  of 
the  art  so  that  they  will  not  become 
quickly  obsolescent  and  leave  a  weak 
link  in  the  system.  The  electrical  spec¬ 
ifications  of  the  amplifiers  are  as 
follows : 


An  integrated  remote  amplifier,  studio 
input  circuit,  a  half -cycle  electronic 
switch,  and  a  flexible  rectifier  unit,  and 
keyless  telegraphy  are  discussed 


sociated  power  supplies.  A  further 
analysis  will  indicate  that  if  battery 
supplies  are  used,  the  drain  on  the  bat¬ 
tery  for  five  hours  operation  each  day 
will  be  rather  heavy.  Therefore,  the 
use  of  alternating  current  is  indicated 
wherever  possible  with  battery  standby 
if  the  a-c  supply  is  uncertain.  Maxi¬ 
mum  flexibility  dictates  that  the  power 
supplies  be  interchangeable  and  there¬ 
fore  separate.  This  also  eliminates  the 
vexing  inductive  hum  problem  when 
alternating  current  is  used,  but  it  does 
require  that  the  same  type  tubes 

be  used  both  for  a-c  and  battery  oper-  Gain  85  vu 

ation,  a  factor  which  tends  to  shorten 

battery  life.  However,  since  alternat-  The  entire  remote  system  is  built 
ing  current  can  be  used  in  most  cases  around  a  basic  circuit.  This  circuit  for 
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Fig.  1 — Boraic  circuit  oi  the  ampli¬ 
fiers  using  two  microphones  for  re¬ 
mote  pick-up  at  station  WILL 


Integrated  Remote 
Amplifier  System 

By  A.  James  Ebel 

University  o/  lUinoia 
Station  WILL 

The  pick-up  amplifiers  described  rep¬ 
resents  a  solution  to  a  problem  which 
confronts  many  stations,  especially 
those  that  have  many  remote  programs 
to  handle  and  little  funds  with  which 
to  handle  them.  The  non-commercial 
station  for  which  this  equipment  was 
designed  operates  on  a  rather  limited 
yearly  budget,  yet  the  character  of  its 
broadcasts  requires  an  average  of  eight 
remote  pickups  a  day  involving  a  total 
time  of  approximately  five  hours.  It  is 
station  practice  to  have  one  man  set  up 
and  check  all  the  remotes  for  the  broad¬ 
cast  day  before  the  day  gets  under 
way.  While  this  requires  more  equip¬ 
ment,  it  saves  on  labor,  transportation, 
and  program  failures  since  the  equip¬ 
ment  is  all  checked  far  enough  in  ad¬ 
vance  of  the  program  to  allow  time  for 
replacement. 

In  designing  equipment  for  an  in¬ 
tegrated  setup  it  is  necessary  to  exam¬ 
ine  the  program  content  of  the  average 
day  to  determine  how  many  of  the 
remotes  require  only  a  single  channel, 
how  many  can  be  operated  with  dual 
channel  equipment  and  how  many  re¬ 
quire  more  channels.  It  is,  of  course, 
poor  management  to  use  three-channel 
amplifiers  on  ‘programs  that  require 
only  a  single  channel.  An  analysis  of 
the  above  situation  showed  that  roughly 
75  per  cent  of  all  programs  require 
only  a  single  channel  amplifier.  This 
figure  is  probably  higher  than  the  av¬ 
erage.  It  indicates,  however,  that  the 
station  in  question  should  have  at  least 
six  single  channel  amplifiers  and  two 
multi-channel  amplifiers  with  their  as- 


Fig.  2 — Above,  schematic  wiring  diagram  of  three  channel  pick-up  amplifier. 
Note  similarity  to  Fig.  1 

Fig.  3 — Below,  circuit  oi  recording  amplifier  designed  by  Mr.  Ebel  oi  station 
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Airbrake  pitlon — drilled,  turned  and 
grooved  on  lathe,  milled. 
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RADIO  CALLS  ITS  SHOTS 


Army  and  Signal  Corps  engineers  see  to  it  that  there  are  no  ueak  links  in  the 
chain  of  communications  controlling  gunfire  or  troop  movement.  •  Bakelite- 
laminated  insulates  many  important  circuits^  here  as  in  other  less  spectacular^ 
but  no  less  essential,  operations.  SYSTHANE  CORPORATION,  OAKS,  PENNA. 


SYIVTHAIVE  TE€HI¥1€AL  PLASTICS 


SHEETS  •  MBS  •THIES  •  FAIIICATED  PAITS 


A  STANDARD  Product  with  Stancor.  These  tiny  units,  as 
illustrated  above  in  actual  size,  are  the  outgrowth  of  several 
years  of  painstaking  development  and  specialized  workmanship. 
The  expansion  of  the  hearing  aid  industry,  as  well  as  increasing 
transformer  applications  requiring  SMALL  SIZE  and  LIGHT 
WEIGHT,  has  created  new  demands  for  this  type  of  unit. 


The  C67  is  the  largest  of  this  group  and  is  the  most 
adaptable  for  varied  application.  It  has  an  average 
inductance  of  48  Henries  and  a  DC  Resistance  of 
approximately  1900  ohms. 

The  C75  is  a  medium  size  choke  with  a  very  high  im¬ 
pedance.  It  has  an  average  inductance  of  70  Henries 
and  a  DC  Resistance  of  approximately  5000  ohms. 

The  C65  is  a  medium  size,  general  purpose  choke.  It 
has  an  average  inductance  of  30  Henries  and  a  DC 
Resistance  of  approximately  2500  ohms. 

The  C66  is  the  smallest  unit  available.  It  has  an  aver¬ 
age  inductance  of  40  Henries  and  a  DC  Resistance  of 
approximately  3700  ohms. 

All  four  chokes  were  designed  to  work  with  approxi¬ 
mately  .5  M.  A.  DC  in  winding  and  each  has  a  Q 
(Quality  Factor)  of  5.  These  chokes  have  been  de¬ 
signed  to  work  with  any  of  the  miniature  tubes  avail¬ 
able  today. 


Write  for  Descriptive  Literature 


a  double-channel  amplifier  is  shown  in 
Fig.  1.  The  single  channel  circuit  is 
identical  with  that  of  Fig.  1  except  for 
the  omission  of  one  microphone,  and 
substitution  of  the  6J5  tubes  for  the 
6SF5  and  6C6  triodes.  It  might  be 
pointed  out  at  this  point  that  no  orig¬ 
inality  whatsoever  is  claimed  for  the 
circuits  used.  They  are  circuits  that 
have  been  successfully  used  in  audio 
work,  adapted  to  the  requirements  of 
the  system.  Examination  of  the  two 
circuits  will  show  their  similarity.  The 
diagn^ams  of  each  of  the  amplifiers  are 
self-explanatory  and  need  no  further 
comment. 

All  amplifiers  use  identical  circuit 
components  wherever  possible  and  are 
wired  in  exactly  the  same  manner.  The 
advantages  of  this  arrangement  are 
twofold.  First,  only  a  limited  number 
of  spare  parts  need  be  kept  on  hand  for 
all  the  amplifiers,  and  second,  it  is  very 
easy  to  maintain  amplifiers  since  when 
the  operating  personnel  knows  one 
amplifier  they  know  all  of  them.  Be¬ 
cause  these  amplifiers  have  to  take 
much  punishment  all  components  are 
securely  mounted  with  a  liberal  use  of 
tie  points.  We  were  somewhat  dubious 
about  the  volume  controls  used  in  the 
amplifiers  but  after  one  year’s  service 
we  have  yet  to  experience  a  noisy  con¬ 
trol.  When  one  does  become  noisy  it  is 
but  a  matter  of  five  or  ten  minutes  to 
replace  it  with  a  new  one  already  on 
hand. 


Pig.  4 — Circuit  diagram  of  the  power 
supply  for  the  preamplifiers 


The  amplifier  cases  for  single  chan¬ 
nel  units  were  made  up  by  a  metal 
worker  in  lots  of  four  and  the  chassis 
were  punched  according  to  a  template 
furnished  by  us.  The.chasses  and  cases 
of  the  multichannel  units  will  be  stand¬ 
ardized  so  that  all  future  units  will 
be  similar  to  those  now  on  hand.  The 
dual-channel  amplifier  is  somewhat  of 
an  orphan  to  the  system  since  it  was 
constructed  before  the  type  of  case 
was  decided  upon.  While  its  circuit  is 
standard,  it  is  built  in  an  aluminum 
box  and  the  plug  mountings  are  not  con¬ 
ventional.  It  is  hoped  to  rebuild  this 
into  a  standard  sheet  metal  case  in 
the  near  future. 

The  a-c  power  supplies  are  wired 
according  to  the  circuit  in  Fig.  4  and 
mounted  in  sheet  metal  boxes.  Six  wire 
connecting  cables  are  used  throughout 
for  connections  between  amplifier  and 
power  supply.  Three  wire  polarized 
Hubbell  connectors  for  audio  circuits  is 
also  standard  with  all  our  equipment. 
The  three  wire  output  plug  for  the 
amplifiers  is  mounted  in  the  cover  of 
the  power  supply  box  as  is  the  head- 
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FM’s  First 

COMMERCIAL  STATION 

Packs  a  20-kw  Wallop  wh 


W  4  7  N  V  •  I 
«ntcnn«  tops 
WSM‘s  890-foot 
radiatoi — hishcst 
antanna  tower  in 
America 


Mr.  DeWitt,  left,  chief 
engineer  of  W47NV, 
ana  W.  Crockett  of  the 
G-E  Nashville  Office 
talk  over  fM 


W47NV,  operated  by  the  National  Life  and  Accident  Insurance 
Company  of  Nashville,  went  on  the  air  as  the  first  commercial  FM 
station  March  l,.and  in  June  was  granted  full  commercial  status  by 
the  FCC.  Read  Mr.  DeWitt’s  comments  .  .  . 

“We  are  operating  at  20-kw  output  on  a  10-hour-a-day  schedule,” 
he  writes.  “We  have  found  the  GL-889’s  to  have  excellent  stability; 
they  are  easy  to  drive  and  to  neutralize. 

“We  have  tested  both  the  regular  and  spare  sets  of  tubes  under 
operation  conditions,  and  we  find  that  the  balance  obtained  with 
either  pair  is  unusually  good.  All  of  the  tubes  have  uniform  char¬ 
acteristics,  which,  of  course,  is  very  important  at  FM  frequencies. 

“We  have  every  reason  to  exf>ect  highly  dependable  service  from 
them.” 


General  Electric  has  transmitting  tubes  and  a  complete  line  of  FM 
equipment  to  meet  your  needs.  Get  both  through  the  nearest  of  the 
80  G-E  offices.  General  Electric,  Schenectady,  N.  Y. 


Twenty  kilowatts  of 
FM  from  these  GL- 
889*s  at  W47NV 
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phone  jack.  The  microphone  input 
plugs  are  located  on  the  amplifiers 
thereby  providing  isolation  for  the  low 
level  circuits. 

Carrying  cases  to  house  the  various 
units  were  designed  and  constructed  by 
one  of  the  staff  members.  These  are 
also  uniform  and  are  made  of  three-ply 
oak  with  heavy  brass  angle  strippings. 
Cases  have  been  made  to  house  ampli¬ 
fiers  with  battery  supplies  and  to  house 
amplifiers  with  a-c  supplies.  A  com¬ 
partment  for  carrying  accessories  is 
also  provided.  These  cases  have  stood 
up  very  well  under  the  roughest  han¬ 
dling  for  more  than  a  year. 

A  recent  addition  to  the  system  of 
amplifiers  is  the  recording  amplifier. 
It  too  is  standardized  to  fit  the  inte¬ 
grated  system.  It  consists  of  a  four 
channel  amplifiers  or  any  other  zero 
level  source.  The  input  plugs  on  the 
recording  amplifier  are  arranged  so 
that  power  is  furnished  to  each  of  the 
single  channel  amplifiers  through  the 
six  wire  cord  connection  to  the  ampli¬ 
fier.  The  power  is  obtained  from  the 
recording  amplifier  power  supply  so 
that  no  separate  power  supplies  are 
necessary  to  operate  the  various  single 
channel  amplifiers.  This  recording 


Leffers  by  the  Thousand  say: 

'THE  BLUE  PRINTS  ARE  MORE  CONTRASTY" 

.  MAKES  CLEANER  BACKGROUND  POSITIVE  PRINTS' 
"IT  TAKES  LESS  TIME->MAKES  BETTER  PRINTS" 

"A  BETTER  PENCIL  DRAWING  SURFACE" 

-fhaf’s  only  part  of  the  P.T.M.  story 


P.T.M.  is  speeding  up  defense  production  with  "faster  printing"  and  other 
qualities  totally  unlike  any  other  tracing  media.  You  get  more  contrasty, 
cleaner  prints.  The  drawing  surface  takes  "ink-like"  lines  from  a  hard  pencil. 
It  has  MAXIMUM  transparency  that  won't  transfer,  a  glossy  back  for  cleaner 
drawings,  and  no  "dust  clouds”  in  the  blue  prints.  P.T.M.  is  tough  and 
doesn't  weaken  or  discolor  with  age.  It  files  in  less  -  ►«©  w-op 

space  with  less  friction.  Try  one  roll  in  the  size  and  /ph 

weight  you  prefer,  and  take  new  pride  in  your  speed 
and  the  appearance  of  your  work.  Why  not  order  a 
roll  of  P.T.M.  right  now? 


Fig.  5 — Connectiona  for  power  sup¬ 
ply  unit  for  recording  amplifier 


amplifier  can  also  be  used  for  a  small 
public  address  amplifier  or  as  an  au¬ 
dition  amplifier  in  conjunction  with  the 
portable  recording  turntable.  The  cir¬ 
cuit  diagram  of  the  recording  amplifier 
is  shown  in  Fig.  3,  and  of  the  power 
supply  in  Fig.  5. 

In  conclusion  the  writer  again  wants 
to  stress  that  the  object  of  the  above 
described  amplifiers  was  to  provide  a 
standardized  amplifier  setup  at  a  min¬ 
imum  of  expense  without  sacrifice  of 
quality.  There  have  been  times  when 
other  circuits  have  been  tried  but  they 
were  all  discarded  in  favor  of  the  stand¬ 
ardized  circuit  even  though  the  other 
circuits  might  offer  some  advantages 
not  present  in  the  standard  circuit.  It 
has  been  possible  to  standardize  all  the 
associated  equipment  and  connecting 
plugs  making  for  maximum  flexibility 
and  requiring  a  minimum  of  equipment. 

The  author  wishes  to  acknowledge 
the  valuable  assistance  of  G.  Edward 
Hamilton  who  made  the  lay-outs  and 
did  most  of  the  construction  work  on 
the  amplifiers,  and  fine  workmanship 
of  Robert  Schmidt  who  designed  and 
constructed  the  amplifier  cases. 


Note  mottled  backsround 
in  this  “Print"  reproduction 
from  Bond  Drawing 


Note  fo/^  background  in 
the  “Print”  reproduction 
from  P.T.M. 


Note  mottled  background 
in  this  “Print”  reproduction 
from  Vellum  Drawing 
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Another  POST  Production  Booster 

PHONE  OR  WRITE  YOUR  NEAREST  POST  DEALER 


INSTRUMENTS  >  EQUIPMENT  *  BLUE  PRINT  PRPERS 


KINDRED  SENSITIZED  PRODUCTS 
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^^'o/^  the  clean-cut  appearance  of  the 
iu  Eimac  450T  tuhe...see  the  stream- 
'it.i  cap  over  the  plate  and  the  husky 
'i^U  tungsten -bar  plate  lead.  Notice 
h  new  sh^e  of  the  bulb  near  plate 
rmiiial.  These  and  other  improve- 
i’lh  have  increased  its  already  su- 
rlr,r  performance  capabilities. 


IMAC  450T  sets  the  pace  in  modern  radii 


The  adoption  of  Eimac  450T’s  for  use  in  aircraft  ground 
stations  marked  the  beginning  of  a  long  series  of  sensational 
successes  for  these  radically  designed  but  soundly  conceived 
vacuum  tubes.  Today  they  occupy  the  key  sockets  of  many  of 
the  most  important  radio  transmitters  in  the  world.  In  fact 
many  of  these  transmitters  are  built  specifically  around  the 
unusual  capabilities  of  the  Eimac  450T.  Contained  in  this 
fact  is  proof  that  Eimac  450T  tubes  are  setting  the  pace  in 
modern  radio.  Further  proof  is  to  be  found  in  that  Eimac 
tubes  are  the  most  copied  tubes  on  the  market  today. . .  their 
once  radical  shape  is  now  almost  a  standard,  although  their 
performance  has  yet  to  be  exactly  duplicated.  These  obvious 

EITEL-McCULLOUGH,  INC. 


truths  should  mean  much  to  you  in  the  selection  of  vacuum 
tubes  for  your  application.  Get  in  touch  with  the  nearest 
Eimac  representative  for  complete  information  about  the 
Eimac  450T. . .  or  any  of  twenty  odd  tube  types  available. 

You’ll  get  greater  economy  in  first  cost  and  in  operation 
from  these,  the  only  tubes  unconditionally  guaranteed 
against  premature  failures  caused  by  gas  released  internally. 


Follow  the  leaders  to 
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Studio  Input  Modifications 

By  Earle  Travis,  KVEC. 


After  purchasing  a  limiting  type  line 
amplifier,  many  operators  set  their  old 
line  amplifier  aside  to  gather  dust  as 
a  spare  or  standby.  I  have  found  that 
a  line  amplifier  such  as  a  RCA  55-A 
can  be  put  to  many  uses  around  the 
station,  as,  for  example,  a  bridging 
amplifier  for  network  reversals  or  to 
talk  back  on  remote  lines,  a  substitute 
for  the  studio  line  amplifier,  to  allow 
the  regular  amplifier  to  be  worked  on, 
or  in  conjunction  with  an  a-c  meter  as 
a  very  sensitive  level  meter. 


Tha  naw  2,000  h.  p. 
R  a  p  u  b  I  i  c  U.  S. 
Army  P-47  "Thun- 
darbolt"  Puriuit 
Plana,  with  Pratt 
i  Whitnay  angina 
i  t  tupar  •  chargad 
for  maximum  par- 
formanc*  at  high 
altitudas. 


iJAOKtU  by  a  wide  experience 
with  a  variety  of  designs;  and 
serving  as  we  do,  the  most  exact¬ 
ing  buyers  in  both  the  audio  and 
power  fields,  our  engineers  have 
come  to  realize  the  value  of  per¬ 
formance  under  adverse  condi¬ 
tions.  Manufacturers  whom  we 
serve  know  that  transformers  de¬ 
signed  by  us  can  be  depended 
upon.  Why  not,  therefore,  avail 
yourselves  of  our  experience  the 
next  time  you  have  a  transformer 
or  filter  to  design?  Let  us  give 
you  the  benefit  of  our  design 
data,  ' supplying  you  with  a  unit 
exactly  fitted  to  your  require¬ 
ments.  Incidentally,  special  units 
can  be  delivered  in  a  few  days. 


Fig.  1 — Circuit  of  preamplifier  using 
a  double  triode  in  single  enwelope 


In  order  to  use  the  55-A  as  a  sub¬ 
stitute  for  a  line  amplifier  such  as  the 
RCA  40-C  its  gain  should  be  increased. 
A  good  way  to  do  this  is  to  substitute 
a  79  for  the  6C6  input  tube.  The  79 
is  a  double  triode  with  the  same  base 
as  the  6C6.  Figure  1  shows  the  input 
circuit  using  a  79.  Parts  with  indi¬ 
cated  values  are  added  parts.  With 
this  altered  input  the  gain  of  the  am¬ 
plifier  should  be  around  75  db. 

The  switching  arrangement  for  the 
whole  setup  is  shown  in  Fig.  2.  It 
will  be  seen  that  the  input  may  be 
switched  either  to  an  air  program  or  an 
audition  program.  We  have  only  one 
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HEADQUARTERS  FOR  AMERICA  S 
TRANSFORMER  PROBLEMS 


Remote 

lines 


AVmp/n  I 
lines  11 


Fig.  2 — Suggested  arrangement  of 
using  line  amplifier  in  broadcast 
work.  The  pairs  of  remote  lines  are 
indicated  as  single  wires 


Suppliers  to  manufacturers  demanding  highest  quality 


audition  circuit.  In  studios  with 
several  audition  circuits  it  might  be 
well  to  use  a  multiple  point  rotary 
switch  so  any  audition  program  could 
be  selected.  The  output  is  brought  out 
to  two  switches  which  allow  it  to  be 
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The  manufacturers  of  TelAuto* 
graph  Telescribers  turned  to  Lewyt. 
Instead  of  using  complicated  dies 
Lewyt  contrived  some  inexpensive 
tooling,  formed  and  shaped  sheet 
steel  into  nine  different  pieces.  These 
were  welded,  ground,  and  assembled 
with  extreme  precision  to  make  the 
chassis  and  casing.  Then  the  finish¬ 
ing  touches,  one  step  of  which  you 
see  illustrated  here,  to  give  this 
product  an  attractive  and  enduring 
complexion  upon  which  incidental 
surface  scratches  would  forever  re¬ 
main  inconspicuous. 

This  product  engineering  achieve¬ 
ment  is  typical  of  what  the  name 
Lewyt  stands  for  today.  Many  of  the 
most  notable  firms  in  the  country 
are  having  Lewyt  fabricate  their 
products — or  highly  specialized  parts 
of  their  products. 


LEWYT 


64  BROADWAY 


BROOKLYN,  N.Y. 
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Ihe  radio  towers  shown  here  ex¬ 
emplify  three  highly  desirable  Blaw- 

j 

Knox  characteristics  —  pleasing  ap¬ 
pearance,  great  coverage,  low  main¬ 
tenance  cost.  Every  station  operator 
knows  that  these  are  profit-factors. 
Every  station  engineer  knows  that 
they  are  the  result  of  able  engineer¬ 
ing  and  long  experience.  Blaw-Knox 
engineers  will  gladly  discuss  your 
antenna  problems  with  you. 


BLAW-KNOX  DIVISION 

of  Blaw-Knox  Company 


2C77  FatnMTt  Bank  Bldg.,  Pittsburgh.  Pa. 
Offices  in  principal  citiM 


switched  to  either  of  our  two  incoming: 
channels. 

In  order  to  use  the  amplifier  for 
measurement  work  it  is  only  necessary 
to  terminate  it  with  a  500-ohm  resister 
and  then  connect  the  meter  across  the 
resister.  This  can  best  be  done  at  the 
patch  board.  The  input  is  then  either 
switched  or  patched  to  whatever  cir¬ 
cuit  you  are  interested  in.  Before  many 
measurements  are  attempted  a  curve 
should  be  run  with  instruments  of 
known  accuracy  as  some  dry  disk 
meters  have  unusual  characteristics. 


'  Half-Cycle  Electronic  Switch 

By  Esten  Moen 

A  DIFFERENT  KIND  of  wave-switch  is 
sketched  in  the  figure  herewith;  the 
usual  wave-switch  depends  upon  lock¬ 
ing  a  circuit  with  the  inflection-points 
of  a  wave,  but  this  one  instead  just 
traces  out  the  maximum-minimum.  The 
first  tube  of  the  circuit,  a  6C5,  is  a  re¬ 
peater-amplifier  which  will  avoid  un¬ 
necessary  damping  of  the  source,  which 
may  be  a  single-tube  oscillator.  The 
amplified  waves  then  enter  the  6H6 
“clipper”  tube,  in  which  positive  crests 


Injector  A  Injector  B 


Double  rectifier  cmd  three  triodei 
are  used  in  this  half-cycle  ewitch 
which  differentiatee  positive  and 
negative  peaks 

enter  one  channel  and  negative  crests 
the  other  channel.  A  C  battery  and  by¬ 
pass  condenser  are  inserted  to  bias 
grids  of  the  following  6C5’s  to  or  be¬ 
yond  cut-off  until  the  appropriate 
voltage  from  each  wave-crest  is  de¬ 
livered  by  the  6H6.  Then  during  the 
half-cycle  in  which  the  grid  of  one  of 
the  last  two  6C5’s  is  made  sufficiently 
positive  for  the  tube  to  be  conducting, 
any  signal  voltage  injected  at  A  or  B, 
will  be  superimposed  upon  the  input 
voltage.  Both  A  and  B  may  be  in¬ 
jected  independently  of  each  other,  the 
resultant  being  recombined  into  a 
single  pair  of  output  terminals. 

This  final  resultant  voltage  can  then 
be  scanned  on  a  cathode  ray  tube  if  the 
scanning  wave  is  made  linear  and  syn¬ 
chronized  with  the  original  input.  Of 
course,  the  final  wave  shape  can  be 
made  “square”  if  the  plate  voltage  of 
the  last  two  6C5’s  is  reduced  and  two 
more  triodes  are  added  as  amplifiers. 
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For  defense  or  citizen  requirements 
there  is  a  GAMMATRON  tube  to  do  the 
job  better  and  more  economically.  The 
GAMMATRON  tantalum  design  insures 
freedom  from  failure  due  to  internal  gas 
release,  ununsuol  UHF  performance, 
and  ability  to  stand  abnormal  operating 
conditions. 

The  summary  below  shows  GAMMATRON 
radiation-cooled  transmitting  triodeswith 
a  power  range  of  50  to  5000  watts  for 
every  purpose.  Variations  of  these  types 
are  available  to  meet  special  require¬ 


ments,  such  as:  increased  filament  power 
or  special  connector  arrangements.  Also 
available  is  a  complete  line  of  tantalum 
high  vacuum  rectifier  tubes  far  high  volt¬ 
age  operation. 

Write  for  data  an  all  standard  GAMMA¬ 
TRON  types  and  request  our  engineering 
department  for  assistance  on  your  special 
problems. 


HEINTZ 


KAUFMAN 


MAX  POWER  OUTPUT: 
CiMt  ‘C’  R.F . 


PLATE  DISSIPATION: 
Wttts . 


MAX  RATINGS: 

Plate  Volte . 

Plate  M.X  ... 
Grid  M.A.  . 


90  250  610  200 


354C 

354E 

454L 

454H 

615 

615 

900 

900 

150 

150 

250 

250 

14 

35 

14 

30 

4000 

4000 

5000 

5000 

300 

300 

375 

375 

60 

70 

60 

85 

50 

50 

150 

150 

3.8 

3.8 

3.4 

3.4 

4.5 

4.6 

4.6 

1.1 

IhI 

1.4 

1.4 

SOUTH  SAN  FtANCKCO  \  LTD./  CAllfOINIA  USA 


454H:  654  854L  854H  1054L  1554  2054A  3054 


13.5  14.5  10  I  20 


6000  5000  3000  5000 
1000  1000  800  2000 
125  250  I  200  500 
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Variable  Selectivity 

gives 

Rapid,  Accurate  Tests 

even  at  higher  frequencies 


A  Flexible  Rectifier  Unit  for 
College  Laboratories 

By  F.  V.  Schultz 


New  Instruments  for 
WAVE  FORM  MEASUREMENT 


In  the  laboratory  courses  in  elec¬ 
tronics,  and  alternating  current  ma¬ 
chinery  courses  for  non-electrical  stu¬ 
dents  at  Michigan  State  College,  it  was 
thought  desirable  to  include  experi¬ 
ments  on  rectifiers.  Single  phase  recti¬ 
fiers  have  been  tested  frequently  in  the 
electronics  laboratory,  but  polyphase 
rectifiers  have  been  largely  avoided 
due  to  the  amount  of  time  required  to 
assemble  the  apparatus  and  make  the 
necessary  connections.  With  these  facts 
in  mind  it  was  decided  to  build  portable 
units  containing  all  the  required  appa¬ 
ratus  and  having  all  the  educationally 
unimportant  connections  permanently 
made.  These  units  were  to  be  built 
so  that  by  making  a  minimum  number 
of  connections  practically  any  rectifier 
circuit  employing  not  more  than  six 
tubes  could  be  quickly  set  up. 

In  deciding  the  ratings  of  the  units 


IIBvolts  J- 
T34WCT  fc 


To  filament 
transformers 


Measure  individual  components 
of  complex  waves  from  30  c.p.s. 
to  16,000  cp.s. 

Mode!  300A  Harmonic  Wave  Analyttr,  com¬ 
plete  with  tubes,  oak  cabinet.  Set  price  $49$. 
Available  also  for  relay  rack  mounting  at  %% 
additional  cost. 


Primary 
Switch  I 


Selectivity  of  this  new  wave  analyzer  tion.  Accuracy,  flexibility,  stability 
can  be  varied  over  a  wide  range  by  and  extreme  ease  of  operation  mark 
means  of  a  unique  selective  ampli-  the -hp-HarmonicWave  Analyzer  as 
fier.  Thus  measurements  at  the  a  great  time  saver  in  both  laboratory 
higher  frequencies  can  be  made  more  and  production  work.  Get  full  infor- 
rapidly  and  with  no  sacrifice  in  ac-  mation  about  this  and  other  -hp. 
curacy.  This  and  other  exclusive  laboratory  instruments, 
features  make  the  -hp  -  Harmonic 
Wave  Analyzer  vastly  superior  in 
laboratory  and  production  work. 

Wide  voltage  range  covers  values 

encountered  in  nearly  every  applica-  for  speed  and  accuracy 


\lnftrphase 
;  reactor 

Hnput 


Diagram  of  rectifier  which  may  be 
connected  in  various  ways;  os  hall- 
wove  or  full-wave,  single  or  three- 
phase  power  supply 


Laboratory 

INSTRUMENTS 


several  factors  were  considered.  In 
running  tests  on  them  it  would  be 
desirable  to  be  able  to  use  meters  which 
are  standard  in  our  laboratories.  It 
was  thought  that  occasionally  it  might 
be  desirable  to  use  one  of  the  rectifiers 
for  the  field  exciter  of  a  synchronous 
machine  and  this  requirement  would 
dictate  that  the  output  rating  of  one 
of  the  standard  circuits  should  be  about 
125  volts  at  about  15  amperes.  An  in¬ 
vestigation  showed  that  if  the  double- 
wye  circuit  were  designed  to  have  these 
characteristics  the  characteristics  of 
the  other  circuits  would  be  such  that 
they  could  be  easily  measured  by  the 
meters  which  are  available. 

It  was  decided  that  the  input  should 
be  at  115  volts  since  this  is  the  most 
readily  available  in  our  laboratories. 
The  circuit  diagram  is  shown. 

The  General  Electric  FG-32  mercury 


Ask  for  bulletin  numberT-lOi.  Let  our 
engineers  help  you  with  your  problem. 
There's  no  cost  or  obligation. 


HEWLETT-PACKARD  COMPANY 
482  Page  Mill  Road  •  Palo  Alto,  Calif. 


Distortion  Anolyxers 

For  studying  and  meas¬ 
uring  harmonic  distor¬ 
tion  in  AF  apparatus. 
Gives  character  of  dis¬ 
tortionbeing  measured. 

J20A  for  measuring  at 
400  c.p.s.  or  $000  c.p.s. 
Net  price  $60. 

320B  for  measuring  $0. 
100, 400, 1 000,  $000  and 
7$00  c  p  s  Net,  S14$. 
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THERE’S  EXTRA  DEPENDABILITY  IN  LONGER  LASTING  C-D  CAPACITORS 


New  York  to  Miami  and  return  is  no  vacation 
for  The  Great  Silver  Fleet  of  Eastern  Air  Lines. 
Daily  year  'round  flights  up  and  down  the  Atlantic 
coast  states  call  for  more  than  ordinary  equipment- 
reliability.  For  that  extra  measure  of  performance 
needed  in  capacitors  for  radio  transmitters  and  re¬ 
ceivers,  Eastern  Air  Lines  turns  to  Gjmell-Dubilier. 
More  than  31  years  of  capacitor  specialization  have 


taught  C-D  engineers  how  to  build  longer-lasting, 
trustworthy  capacitors. 

This  experience  in  construction  is  hidden  to  the 
eye,  but  in  capacitor  performance  tests,  Cornell- 
Dubilier’s  extra  dependability  is  easily  recognized, 
and  its  value  plainly  proven  by  the  fact  that  C-Ds 
are  standard  equipment  today  for  the  leading  air 
lines  in  the  United  States. 


CAPACITORS  MAY  LOOK  ALIKE  BUT..  .  There  is  extra  long  life,  extra  uniformity  and 

dependability  built  into  C-Ds.  Next  time  yon  specify  capacitors  look  for  the 
Cornell-Dnhilier  seal  of  experienced  engineering.  And  get  the  hidden  extras 
at  no  extra  cost.  Send  for  Catalog.  C.ornell-Duhilier  Electric  Corporation, 
I(M)6  Hamilton  Blvd.,  South  Plainfield.  Sew  fersey. 


ornei 


'll Dubilier 


.  .  .  MORE  IN  USE  TODAY  THAN  ANY  OTHER  MAKE  .  . 
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For  Modern  Soiind  Reproduction  Use 

Webstar  Electric 

MODEL  AJl 

Crystal  Pick-Ups 

TO  harmonize  with  your  design 

FOR  superior  tone  quality  and  longer  record  life 


your  new  models  to  capitalize  on  the  ad¬ 
vanced  features  of  the  Webster  Electric  AJl  Pick-Up: 

★  Light  Weight  with  only  40  grams  needle  pressure — 
minimizes  surface  noise  and  reduces  record  wear. 

★  Mechanism  built  into  Bakehte  Tone  Arm — a  precisely 
balanced,  integrated  unit. 

★  Balanced  Octave  Response  to  provide  the  most  pleas- 

% 

ing  musical  reproduction. 

Vk  Long  Life  Needle  plays  thousands  of  records  without 
changing — easily  replaceable. 

WEBSTER  ELECTRIC  RECORDER  HEADS  make  recordings  outstand¬ 
ing  for  clearness  and  precision.  They  cover  the  entire  frequency  range  from 
30  to  more  than  6000  cycles  per  second,  and  capture  every  musical  detail 
with  fidelity.  Ask  for  information. 

Through  Webster  Electric  you  can  be  sure  of  dependable  deliveries  of  equip¬ 
ment  incorporating  the  very  latest  engineering  developments.  Make  Webster 
Electric  your  source  of  supply. 

(Licensed  under  patents  of  the  Brush  Development  Company) 

WEBSTER  ELECTRIC  COMPANY.  Racine,  Wis.,  U.  S.  A.  Established  1909.  Export 
Dept.:  lOO  Varick  St.,  New  York  City.  Cable  Address:  "ARLAB”  Now  York  City 

WEBSTER  i  ELECTRIC 

"Where  Quality  is  a  Responsibility  and  Fair  Dealing  an  Obligation" 


vapor  tube  was  chosen  since  it  has 
characteristics  which  match  well  the 
output  requirements  mentioned  above 
when  the  double-wye  circuit  is  used. 
A  separate  filament  transformer  was 
used  for  each  tube  so  that  it  is  possible 
to  have  the  various  cathodes  at  differ¬ 
ent  potentials.  The  primary  of  the 
filament  transformers  is  controlled  by 
a  mercury  tumbler  switch  and  is  fused. 
The  cathodes  of  the  tubes  must  heat 
for  five  minutes  before  the  plate  volt¬ 
age  is  applied  so,  in  order  to  make  sure 
that  this  precaution  is  always  observed, 
a  time-delay  relay  was  placed  in  the 
primary  of  the  anode  transformers. 
This  relay  is  controlled  by  the  filament 
circuit. 

With  the  above  specifications  in  mind 
the  anode  transformers  and  the  inter¬ 
phase  reactor  were  designed.  They  had 
to  be  built  special  to  our  order.  The 
primaries  of  the  anode  transformers 
were  permanently  connected,  but,  by 
means  of  a  plug-type  switch,  it  is  possi- 


Front  ponel  of  the  flexible  recti¬ 
fier  connected  up  by  students 


ble  to  connect  the  primaries  in  either 
wye  or  delta. 

For  overload  protection  in  the  pri¬ 
mary  of  the  anode  transformers  a  cir¬ 
cuit  breakfir  is  provided.  This  breaker 
is  also  used  as  a  switch.  The  primary 
line  current  for  most  of  the  circuits 
considered  does  not  exceed  15  amperes 
and  the  anode  transformers  were  de¬ 
signed  on  this  basis.  However,  at  full 
load  the  three-phase,  half-wave  circuit 
has  an  input  current  of  25  amperes. 
To  meet  these  requirements  a  circuit 
breaker  was  chosen  with  a  rating  of 
15  amperes  in  order  to  protect  the 
transformers  but  with  a  time-delay 
feature  so  that  the  overload  of  25 
amperes  can  be  carried  for  one  minute 
before  the  breaker  opens. 

A  circuit  breaker  was  provided  to  be 
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SUPPRESSORS 


SILVER  MICAS 


CERAMICONS 


PLASTICS 


RESISTORS 


COMPENSATION  fUK 

temper  ^ 

ffll  OVER  A 

rtHl  WIDE  range 


niform 


l_iABORATORY  test  equipment  designed  and 
constructed  by  the  Erie  Resistor  Engineering  Depart¬ 
ment  now  makes  it  possible  to  reproduce  in  chart  form 
the  actual  behavior  of  Erie  Ceramicons  under  continu¬ 
ous  pre-determined  changes  in  temperature.  This 
equipment,  shown  at  the  left,  records  the  percent 
change  in  capacity  of  a  Ceramicon  that  occurs  as  the 
temperature  of  the  oven,  in  which  it  is  placed,  is  auto¬ 
matically  raised  from  — 40°C  to  +100°C. 

Results  of  these  tests  bear  out  the  findings  of 
radio  engineers  who  have  used  Erie  Ceramicons  under 
varying  temperature  conditions.  These  fixed  capaci¬ 
tors,  properly  used  as  compensators,  have  a  very  uni¬ 
form  capacity  change  over  a  wide  range  of  temperature. 
This  is  illustrated  in  the  above  chart  of  a  type  N680 
non-insulated  Ceramicon.  Note  the  uniform  capacity 
curve  as  the  temperature  is  increased  from  —  40°C  to 
-+100°C.  (-40°F  to  +212°F) 

Erie  Ceramicons  are  made  in  insulated  and  non- 
insulated  styles  for  compensating  for  any  reactance 
change  from  —.00068  to  +  .00012/°C  due  to  tempera¬ 
ture  change.  Maximum  available  capacity  is  1100 
mmf.  Complete  details  of  characteristics  and  specifi¬ 
cations  will  be  sent  on  request. 


Above  illustration  shows  special  radio  fre¬ 
quency  oscillators  and  recording  equipment 
used  for  determining  temperature  character¬ 
istics  of  Erie  Ceramicons  over  a  range  from 
— 40°C  to  -hl00°C. 


ERIE  RESISTOR  CORP 


LONDON,  ENGLAND  •  TORONTO,  CANADA 
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TACKPOLE  CARBON  CO 


used  in  the  output  circuit.  The  maxi¬ 
mum  current  provided  by  any  of  the 
circuits  is  15  amperes  so  this  breaker 
has  that  rating.  However,  many  of  the 
circuits  available  have  permissible  out¬ 
put  currents  of  less  than  15  amperes 
so  this  breaker  cannot  be  depended 
upon  for  protection  in  many  of  the 
circuits.  To  afford  protection  in  all 
cases  a  fuse  was  placed  in  series  with 
the  anode  of  each  tube. 

For  single  phase  circuits  the  input 
power  must  be  connected  to  the  two 
upper  input  jacks  in  order  to  provide 
power  to  the  filaments.  The  plug  of 
the  anode  transformer  switch  must 
either  be  placed  in  the  delta  position  or 
removed  and  a  jumper  used  to  connect 
the  center  left  jack  to  the  center  jack  of 
the  nine  jacks  used  in  this  primary 
switch. 


manufacturing  with  the  necessary 
PERSONNEL  and  EQUIPMENT 
to  design  and  make  small  assemblies 
and  Darts  for  vour  defense  contracts 


At  your  service  is  the  ability  and 
experience  of  the  entire  Stackpole 
organization  to  provide  the  per¬ 
sonnel,  facilities  with  the  speed  that 
U.  S.  industry  requires  without 
sacrifice  of  the  reliability  it  insists 
upon. 


Bakelite  Molding  Equip¬ 
ment,  for  parts  and  sub¬ 
assemblies  for  equipment, 
instruments,  etc. 

Complete  Punch  Press  De¬ 
partment,  operated  by  en¬ 
gineer-craftsmen. 

Complete  Assemby  Equip¬ 
ment,  for  production  of  small 
parts. 

— 6ET  IN  TOUCH  WITH 

STACKPOLE 


We  are  ready  to  step  in  immedi¬ 
ately  and  help  solve  your  produc¬ 
tion  problems  by  designing  and  pro¬ 
ducing  small  parts  and  sub-assemb¬ 
lies  for  motors,  instruments  and 
other  equipment  for  government 
contracts. 


Rear  view  of  flexible  rectifier  unit. 
Note  neat  appearance  and  ready 
acceisibility  of  the  parte 


Pilot  lights  are  placed  across  the 
primaries  of  both  the  filament  and 
anode  transformers. 

To  make  the  units  absolutely  flexible 
as  regards  possible  circuits,  the  anode 
and  cathode  of  each  tube  and  both 
terminals  of  all  transformer  secon¬ 
daries  are  brought  out  to  separate 
connections  on  a  panel.  These  panel 
connectors,  as  well  as  most  others,  are 
banana  jacks.  By  using  jumpers  hav¬ 
ing  banana  plugs  circuits  are  easily 
set  up. 

For  the  input  and  output  connections 
there  are  placed,  in  parallel  with  the 
customary  banana  jacks,  binding  posts, 
so  that  any  type  of  connection  can  be 
made,  depending  upon  the  facilities  of 
the  laboratory  in  which  the  unit  is 
being  used. 

The  positions  of  the  various  compon¬ 
ents  are  shown  in  the  photographs.  For 
the  most  part  the  reasons  for  the  place¬ 
ments  shown  are  obvious. 


REAW-iohelpyou 

solve  your  problems. 


Stackpole  engineers  have  ac¬ 
cumulated  a  vast  fund  of  knowl¬ 
edge  in  the  radio  and  electrical 
fields  involving  Switches,  Resistors, 
Iron  Cores,  etc.  This  technical 
data  is  yours  for  the  asking.  Con¬ 
sult  us  without  obligation,  con¬ 
cerning  your  particular  problem. 


ELECTRUMCS 


Laminated  plastic  antenna  parts  fabricated  by  Synthane  Corporation 


"BAKELITE"  PLASTICS 

Meet  Rigid  Engineering  Specifications  for 
Aircraft  Antenna  Equipment 

Materials  used  in  aircraft  radio  equipment  must  meet  the 
most  rigid  standards  of  precision,  dependability  and  dur¬ 
ability.  That  is  why  Lear  Avia,  Inc.  employs  laminated  plas¬ 
tics,  based  on  Bakelite  laminating  varnishes,  for  housings 
and  other  important  parts  of  its  Trailing  Antenna  Reels. 

Supplied  in  sheets,  tubes,  and  rods,  these  laminated 
plastic  materials  are  rapidly  and  easily  cut,  drilled,  slotted, 
and  otherwise  machined  into  the  various  forms  required. 

These  materials  are  consistently  uniform  in  quality  and 
dimension,  assuring  accurate  fabrication  and  assembly. 

Durability  and  unfailing  operating  efficiency  are  made 
possible  by  the  superior  tensile  strength  and  dimensional 
stability  of  the  laminated  plastic  parts.  Although  light  in 
weight,  they  withstand  severe  vibrations  and  the  drag 
exerted  by  the  weighted  antenna.  They  also  possess  high 


dielectric  strength — a  property  demonstrated  by  the  ability 
of  the  laminated  plastic  parts,  in  ‘^le-in.  thickness,  to  endure 
a  12,000  volt  breakdown  test. 

Write  for  names  of  laminators  who  can  supply  durable  lam¬ 
inated  plastics  in  many  forms  to  meet  your  particular  needs. 

BAKELITE  CORPORATION,  ?.0  EAST  42nd  ST.,  NEW  YORK 
Unit  of  Union  Carbide  and  Carbon  Corporation 

[IH3 

BAKELITE 

nt«  we4  "••hvl.***'  me>4  /bV 

PLASTICS  HEADQUARTERS 
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Keyless  Telegraphy. 

By  David  P.  Boder 
Illinois  Institute  of  Technoloojf 

The  variety  of  telegraph  keys  for 
the  transmission  of  the  Morse  code  indi¬ 
cates  that  a  problem  of  discomfort  and 
fatigue  undoubtedly  exists  in  the  pro¬ 
cedure  of  sending  of  Morse  signals. 
The  length  of  time  required  to  train  a 
good  sender  also  indicates  that  there 
is  room  for  improvement  in  procedure 
of  teaching  as  well  as  in  the  methods  of 
operation.  The  method  appears  especi¬ 
ally  useful  during  training  and  for  inci¬ 
dental  message  transmission  where  top 
speed  appears  unessential  or  possibly 
undesirable.  The  following  suggestions 
represent  an  outgrowth  of  the  author’s 
psychological  research  on  speed  and 
character  of  human  motility. 

Any  simple  relay  circuit  (Fig. 
1)  seems  to  work  satisfactorily.  The 
relay  will  open  (or  close,  depending  on 
arrangements  of  the  circuit)  when 
grid  voltage  is  changed  by  bringing 
leads  A,  and  B,  into  contact.  Moreover, 
this  contact  can  be  accomplished  indi¬ 
rectly  by  interposing  the  human  body 
or  any  region  of  it  between  the  two 
leads.'  Should  a  mild  shock  be  experi- 


Fig.  1 — Relay  circuit  which  U  useful 
in  psychological  studies  and  in 
learning  the  Morse  code 

enced  at  all,  a  resistor  up  to  0.5 
megohm  may  be  interposed  along  one 
of  the  leads.  By  arranging  the  circuit 
in  the  manner  described  below,  no  such 
resistor  was  necessary.  A  and  B  are 
sheets  or  strips  of  black  paper  used  by 
the  Eastman  Kodak  Company  for  wrap¬ 
ping  and  interleaving  of  x-ray  film. 
This  paper  possesses  good  conductivity 
for  high  frequencies  while  acting  nearly 
as  insulator  for  ordinary  power  fre¬ 
quencies.  If  the  operator  rests  one 
hand  on  A,  the  contact  with  B  of  one 
or  more  fingers  of  the  other  hand  will 
actuate  the  relay. 

One  of  the  features  of  the  circuit 
appears  specially  attractive  from  the 
standpoint  of  training.  If  B  is  re¬ 
placed  by  a  sheet  of  Teledeltos  paper, 
manufactured  by  Western  Union  for 
facsimile  recording,  and  a  metal  cov¬ 
ered  graphite  pencil  is  used  instead  of 
the  bare  hand,  the  operator  may  actu¬ 
ally  write  on  the  white  side  of  the  pa¬ 
per,  listening  simultaneously  to  the 
“dots  and  dashes”  of  the  oscillator. 
Such  learning,  in  addition  to  proprio-' 
ceptive  (muscle  sense)  and  auditory 
components,  will  be  helped  by  definite 
visual  components.  It  seems  psycho- 
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Tube-hour  cost  slashed  80—90%  in  10  years! 


SAVINGS  FOR  5  KW  TRANSMITTERS 


fioco- 


1931:  Ten  years  ago  5  KW  trans-  1941:  Today  5  KW’s  use  six  315A  The  old  222 A’s  averaged  approx-  In  1931,  Rectifier  tube  cost  for 
mitters  used  three  222A  high  mercury  vapor  tubes  in  a  three  imately  eight  to  nine  months  a  3  KW  transmitter  was  around 
vacuum,  wrater  cooled  Rectifier  phase,  full  wave  Rectifier ...  at  operation.  The  315A’8  average  |1000peryear.T'oday,with315A’s, 
tubes...  at  a  cost  of  $220  each—  a  cost  of  $35  apiece  — or  $210  life  is  from  3  to  4  years — an  the  average  cost  is  from  $50  to 
$660  for  a  set.  for  a  set  of  six.  increase  of  about  500%.  $70  a  year.  Over  90%  saving! 


SAVINGS  FOR  50  KW  TRANSMITTERS 


Tube-hour  cost 
^  cut  over  80% 


1931:  Six  237A  high  vacuum,  1941:  Today's  50  KW's  use  six  237A’s  had  an  average  life  of 
water  cooled  Rectifiers  did  the  255B  mercury  vapor  Rectifiers,  about  nine  months.  Compare 
job  in  the  old  50  KW’s.  They  cost  Costing  only  $125  apiece,  the  that  with  low-cost  255B  mercury 
$435  apiece  — more  than  $2600  entire  set  means  an  outlay  of  vapor  Rectifiers’ life  of  about  a 
for  a  set  of  six.  but  $750.  vear  and  a  half. 


Yes,  Rectifiers  have  changed!  A 
decade  ago,  cost  per  year  was 
near  $3500. ..today — using  255B’3 
—it’s  about  $500.  That’s  a  cut 
in  tube-hour  cost  of  over  80%. 


IN  only  10  years  Rectifier  tube-hour  costs  have  been  cut 
as  much  as  90%  .  .  .  and  Western  Electric  has  been  a 
leader  all  the  way. 

And  notv  you  can  use  Western  Electric  Mercury  Vapor 
Rectifiers  without  costly  socket  changes. 

Get  your  copy  of  bulletin  described  on  left.  Write:  Graybar 
Electric  Company,  Graybar  Bldg.,  New  York,  N.  Y. 
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The  DAVEN  catalog  lists  the  most  com| 
cision  attenuators  in  the  world;  "Ladder, 
anced  H"  and  Potentiometer  networks— b 
fixed  types— employed  extensively  in  coi 
high  quality  program  distribution  systems 
standards  of  attenuation. 

Due  to  the  specialized  nature 
equipment,  a  large  number  of 
where  stock  units  may  i—.  -- 
problem,  write  to  our  engineering 

Special  heavy  duty  type 
switching  and  industrial  applications 
quest.  These  switches  employ  the  same 
materials  and  workmanship  as  supplied 

Super  DAVOHM  resistors  are  precision  type,  wire- 
units  of  from  \%  to  O.l7o  accuracy. 

To  insure  precise  quality  and  rugged  dependab 
your  speech  input  or  special  laboratory  equipment. 
DAVEN  components. 


}  of  high  fidelity  audio 
T  requirements  are  encountered 
not  be  suitable.  If  you  have  such  a 
department. 

switches,  both  for  program 
are  available  upon  re¬ 
type  of  high  quality 
in  Daven  attenuators. 

■wound 


aven  compa 

NEWARK.  NEW  . 


Vbs  summit  street 


Aircraft  Test  Unit 


Several  radio  teit  unite  have  been 
combined  into  a  single  unit  by 
Ralph  Core,  radio  shop  foreman  lor 
the  American  Airlines,  Inc.  The 
new  tester  is  designed  to  serv¬ 
ice  all  receivers  used  in  the  Flag¬ 
ship  Fleet.  Power  to  operate  the 
receiver  on  test  is  furnished  by  the 
power  supply  in  the  tester 
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McGraw-Hill  Book  Company.  Ine. 

330  West  42nd  Stroot,  Now  York.  N.  Y. 

Send  me  the  books  checked  below,  for  10  days'  examina¬ 
tion  on  approral.  In  10  days  I  will  pay  for  the  books,  plus 
few  cents  postage,  or  return  them  postp^d.  (We  pay 
postage  on  orders  accompanied  by  remittance:  same  ex¬ 
amination  and  return  prirllege.) 
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covering  a  wide  range  of 
usefulness  for  engineers 
and  the  radio  industry 


THE  ELECTRON  ART 


Impedance  bridges,  hyperfrequency 
waves,  the  use  of  a  cathode-ray  oscillo¬ 
scope  for  dynamic  balancing,  electro¬ 
static  photo-multipliers,  and  p-v  diagrams 
on  a  cathode-ray  tube  are  reviewed 


Otnrrahr 
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Rjt,  in  parallel  with  the  standard  ca¬ 
pacitance  Ca.  If  Dg  and  Qa  are  small 
compared  to  Dp  and  Qa  the  result  is  a 
Sobering  bridge.  Here,  the  dissipation 
factor  of  the  P  arm  is  balanced  by  the 
parallel  capacitance  in  the  A  arm. 

The  author  uses  the  symbol  D  for 
the  ratio  of  series  resistance  to  series 
reactance.  This  value  is  equal  to  RooC 
for  a  condenser  in  series  with  a  re¬ 
sistance.  The  ratio  of  series  reactance 
to  series  resistance,  frequently  called 
storage  factor,  is  designated  by  Q.  A 
capacitance  in  parallel  with  a  resistance 
has  a  Q  equal  to  RuC.  The  equations 
shown  are  written  in  terms  of  the  dis¬ 
sipation  and  storage  factors  of  the 
arms,  and  they  hold  for  the  r^uced 
circuits  mentioned.  For  accurate  re¬ 
sults  the  complete  expressions  should 
be  retained  and  examined  for  the  effect 
of  stray  capacitances  and  other  re¬ 
sidual  impedances  in  the  bridge  arms, 
concerned,  it  does  not  matter  whether 
the  generator  and  detector  are  con¬ 
nected  as  shown  or  interchanged. 

Inasmuch  as  high-input-impedance 
amplifiers  preceding  the  null  detector 
are  almost  universally  used  in  a-c 


Impedance  Bridges 

Accurate  impedance  measurements 
are  often  necessary  when  the  purchase 
of  a  commercial  bridge  is  not  economic¬ 
ally  justified.  The  July  1941  issue  of 
the  General  Radio  Experimenter  de¬ 
scribes  a  method  of  setting  up  bridge 
circuits  using  standard  components  usu¬ 
ally  on  hand  in  a  laboratory.  At  audio 
frequencies,  these  circuits  will  realize 
accuracies  approaching  those  of  com¬ 
mercial  bridges  over  a  wide  range  of 
impedances.  The  parts  used  in  these 
.schemes  are  of  precision  quality. 

A  generalized  capacitance  bridge 
circuit  which  may  represent  several 
types  of  bridges  by  changing  the  rela¬ 
tive  magnitude  of  the  impedances  is 
shown  in  Fig.  1.  If  Ca  and  C,  are  zero, 
the  circuit  becomes  a  series-resistance 
type  of  capacitance  bridge  where  the 
losses  in  the  P  arm  are  balanced  by 
the  resistance  N  in  the  standard  arm. 
If  Cg  and  Cp  are  made  infinite,  the  net¬ 
work  b^omes  a  parallel-resistance  type 
capacitance  bridge  where  the  effective 
parallel  resistance  of  the  unknown  ca¬ 
pacitance  is  balanced  by  the  resistance 


Fig.  1 — Above,  generalized  capaci¬ 
tance  bridge  with  equations  of 
balance 


Fig.  2 — B  e  1  o  w  ,  series-resistance 
bridge  made  from  standard  com¬ 
ponents 


Detector 


GROUND  STATION  OF  R.A.F.  BOMBER  COMMAND 


bridge  measurements  the  sensitivity 
problem  is  best  discussed  on  the  basis 
of  the  use  of  a  detector  of  infinite  im¬ 
pedance.  For  a  given  unbalance  of  the 
bridge,  the  ratio  of  open-circuit  output 
voltage  to  input  voltage  (with  the  gen¬ 
erator  across  resistive  arms)  is 


where  A  and  B  are  the  resistance  of 
the  arms  across  which  the  generator  is 
connected,  and  d  is  the  fractional 
change  in  the  unknown  from  the  con¬ 
dition  of  true  balance. 

If  the  generator  is  connected  across 
unlike  arms  (one  resistive,  and  the 
other  reactive)  E.  (1)  becomes 


Interior  of  radio  station  in  which  radio  operator  maintains  communication  with 
aircraft  during  R.AJ*.  flights 


where  either  A  or  is  a  reactance. 
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LAMPS  TO  MIRROR  SOUND,  OR 

hoovuGHT  Airport  Runmys 


The  capacitance  C,„  consisting  of 
inter-shield  capacitances  of  the  trans¬ 
former  winding  and  the  capacitance,  or 
point  (1)  to  ground  causes  an  error 
depending  directly  on  the  ratio  of  its 
magnitude  to  that  of  the  standard. 
C,,  is  the  capacitance  of  point  (2)  to 
ground.  The  magnitudes  of  these  two 
capacitances  can  be  measured  quite  ac¬ 
curately  by  balancing  the  bridge  with 
C„  connected  alternately  across  the  N 
and  P  arms.  With  the  connections 
shown,  C,,  is  measured  directly  (if  the  | 
standard  condenser  is  large  compared  i 
to  C„).  With  the  leads  from  the  trans-  ; 
former  reversed  at  the  bridge,  a  value  I 
for  C,f  is  obtained  that  will  be  in  error  I 
by  the  amount  of  capacitance  con-  ! 
tributed  by  point  (1)  to  ground.  Care-  I 
ful  wiring  arrangement  will  keep  this 
value  low.  The  error  in  measurement 
does  not  exceed  1  MMf  for  C,„  and  5 
fifif  for  C,,.  Typical  values  are  10 
fifjS  for  C,„  and  100  /xfif  for  C,,. 

The  article  also  covers  briefly  the  ter- 
minal-to-shield  capacitances  of  decade 
resistance  boxes  which  make  up  the 
internal  residuals  in  standards,  and  the 
dissipation-factor  balance.  In  Fig.  2, 
the  terminal  connected  to  the  highest 
resistance  decade  is  labeled  H,  and  the 
terminal  connected  to  the  lowest  resist¬ 
ance  decade  is  designated  as  L.  R,,  R^, 
and  Rx  are  decade  boxes. 


Hyperfre<|uency  Waves 

Of  more  than  passing  interest  is  an 
article  called  “Hyperfrequency  Waves 
and  Their  Practical  Use”  by  Leon 
Brillouin  which  appeared  in  Electrical 
Communication  (Vol.  19,  No.  4).  This 
paper  deals  with  waves  whose  wave¬ 
lengths  are  of  the  order  of  centimeters. 
It  covers  briefly  the  characteristics  of 
hyperfrequency  waves,  early  experi¬ 
ments  in  this  field,  a  commercial  trans¬ 
mitter  and  receiver,  and  the  propaga¬ 
tion  of  these  waves  along  conducting 
hollow  tubes. 

Hyperfrequency  waves  behave  like 
optical  waves  in  that  they  travel  in 
straight  lines,  and  are  affected  by  opti¬ 
cal  lenses,  mirrors,  and  parabolic  re¬ 
flectors.  Recently  it  has  been  found 
that  these  short  waves  also  behav3 
somewhat  like  acoustic  waves.  Hollow 


RADIANT 


Photo,  Amrrii  an  ilrlini  M,  Inr. 


CALLITE 
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A  delicate  5  watt  filament  accurately  mounted  and  prefocused  for  the  most 
critical  sound  reproduction  .  .  .  10,(XX)  watt  floodlights  whose  millions 
of  candlepower  guide  incoming  pilots  safely  to  airport  runways.  Between 
these  two  achievements  of  Radiant  Lamp  Corporation  is  a  long  line  of  con¬ 
centrated  filament  precision  lamps  for  specialized  types  of  service. 

Since  all  Radiant  lamps  are  precision  products,  and  since  the  light-source 
of  lamps  is  the  filaments,  the  supply-source  for  these  materials,  obviously  had 
to  be  selected  with  extreme  care.  Never  was  dependability  more  vital  than 
in  the  performance  of  such  precise  and  highly  specialized  lamps. 

Callite  Tungsten  is  responsible  for  the  welds  and  filament  wire  Radiant 
uses.  That  these  materials  constitute  the  highest  art  in  lead-in  wire  fabrication 
and  Tungsten  wire  metallurgy  is  due  principally  to  the  long  experience  and 
painstaking  research  of  Callite  engineers.  This  same  knowledge  and  resource¬ 
fulness,  moreover,  is  yours  to  command  today.  It  will  pay  you  to  present  your 
"metallurgent"  problems  now.  Callite  engineers  are  in  a  position  to  serve 
you  with  efficiency  and  dispatch. 

Manufacturers  of  electrical  contacts  of  refractory  and  precious  metals,  bi-metals,  lead-in  uires, 
filaments  and  grids  —  formed  parts  and  raw  materials  for  all  electronic  applications. 


CALLITE  TUNGSTEN 

CORPORATION 

544-39th  STREET  UNION  CITY,  N.  J. 

CABLE;  "CAILITES" 

,  BRANCHES:  CHICAGO  •  CLEVELAND 


The  simplest  type  of  bridge  men¬ 
tioned  is  the  series-resistance  bridge 
which  uses  variable  ratio  arms  to  bal¬ 
ance  the  unknown  capacitance  against 
a  fixed  standard,  and  a  variable  re¬ 
sistance  in  series  with  the  standard 
condenser  to  balance  the  losses  in  the 
unknown  arm.  Accurate  results  may 
be  obtained  from  this  bridge  which  is 
shown  in  Fig.  2,  if  the  various  circuit 
and  circuit-element  residuals  are  meas¬ 
ured  and  their  effects  on  the  capacitive 
and  resistive  balances  computed.  The 
approximate  equations  of  balance  are  | 

c,  - 
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from  30  to  15,000  cycles,  with  uniform 
frequency  response 


** And  W estern  Electric  23  C  gives  big 
build'up,  too,”  says  Chief  Engineer. 
”Total  gain  96  db.  Complete  audio 
system,  factory>wired  and  tested. 

”Here  is  Speech  Input  plenty  sim¬ 
ple  to  install, operate, maintain. 
Rush  scout  to  get  full  story  from 
Graybar  Electric.” 


FLUCTUATING 
LINE  VOLTAGE 


CONSTANT 
VOLTAGE 


Ask  For 

■ULLETIN 

DCV-74 


Whether  It’s  I  VA  for  an  instrument  or  10  KVA 
for  a  production  line — here’s  constant  stable  volt- 
times,  even  though  the  line  voltage  varies  os  much  a» 

thirtt)  percent. 

"rhey  are  fully  automatic  and  instantaneous  in  operation — have  no  moving 
parts — require  no  maintenance — and  are  self-protecting  against  short 
circuit 

You  ran  build  a  SOLA  CONSTANT  VOLTAGE  TRANSFORMER  into  your 
product  or  incorporate  it  in  your  production  line  or  laboratory  and  know 
that  every  test  will  be  made  under  identical  line  conditions.  Compact- 
economical.  Standard  designs  are  available,  or  units  can  be  built  to  your 
special  specifications. 

SOLA  ELECTRIC  COMPANY,  2525  ClyboMm  Av«.,  Ckicaqe,  III. 


O  L 


TRANSFORMERS 


pipes,  resonators,  and  dielectric  cables, 
all  showing  a  marked  similarity  to  the 
pipes  used  in  acoustics  are  incorporated 
in  electrical  apparatus  associated  with 
the  production  and  propagation  of 
these  waves.  Hollow  tank  resonators 
have  been  suggested  by  physicists  be¬ 
cause  of  their  very  high  Q  factors.  For 


Fig.  1 — SimpUiiud  circuit  of  Micro- 
rtxy  transmitter.  TLl  and  TL2  ore 
coaxial  feeders 


short  radio  waves,  ordinary  induc¬ 
tance-capacity  circuits  can  not  be  used, 
and  the  technical  practice  is  to  use 
parallel  lines  or  coaxial  lines  as  resona¬ 
tors.  These  lines  will  work  if  the  dis¬ 
tance  between  lines  is  small  compared 
to  the  wavelength.  For  hyperfre¬ 
quency  work  these  lines  cannot  be 
built,  so  tank  resonators  are  used. 

The  ‘Laboratories  L.M.T.’,  labora¬ 
tories  of  Le  Materiel  Telephonique  in 
Paris  had  been  active  in  the  hyper¬ 
frequency  field  for  some  time.  Clavier, 
Darbord,  and  various  co-workers  con- 


Fig.  2 — Simplified  diagram  of  Micro- 
ray  receiver.  TL3  it  a  coaxial 
feeder 


ducted  researches  which  resulted  in 
radio  transmission  across  the  English 
Channel  using  a  wavelength  of  18 
centimeters.  The  system  has  been  in 
commercial  use  since  1934,  and  is  used 
for  two>-way  teleprinter  messages  as 
well  as  duplex  telephony.  Simplified 
circuit  diagrams  of  the  transmitter 
and  receiver  are  shown  in  Figs.  1 
and  2. 
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The  oscillations  are  generated  in  the 
tube  and  are  conducted  by  a  coaxial 
feeder  to  a  small  antenna  at  the  focus 
of  a  parabolic  reflector.  The  reflector 
produces  a  narrow  linear  beam  which 
is  aimed  at  the  receiver’s  parabolic 
mirror  which  reflects  the  waves  to  a 
dipole  antenna  situated  at  its  focus. 
From  the  antenna  the  waves  are  fed 
to  a  receiving  tube  and  its  amplifler. 
It  is  interesting  to  note  that  both  the 
transmitter  and  the  receiver  use  posi¬ 
tive  grid  tubes.  The  reflectors  are  in 
direct  sight  of  each  other. 

An  interesting  property  of  these 
waves  is  their  ability  to  be  propa¬ 
gated  along  hollow  conducting  tubes 
which  are  known  as  dielectric  cables. 
These  hollow  conductors  act  as  high- 
pass  filters  for  electromagnetic  waves 
since  only  frequencies  above  a  certain 
cut-oflF  frequency  can  be  transmitted 
through  them;  the  higher  the  frequency 
the  smaller  the  attenuation.  This 
small  attenuation  property  may  prove 
to  have  important  practical  applica¬ 
tions. 

The  article  also  discusses  the  theory 
of  dielectric  cables  mathematically 
analyzing  the  propagation  character¬ 
istics  of  various  shaped  cross-sections 
of  hollow  conductors. 


SWISS  ROBOT 


OFFERS  SIX  DISTINCT  ADVANTAGES 


One  of  the  bright  spots  in  modern  high  speed  production 
is  the  increasing  use  of  laminated  Textolite  plastics  for 
insulation  and  structurai  support  in  a  great  variety  of  in¬ 
dustrial  applications. 

One  use  of  the  materiai,  for  instance,  is  for  terminal 
boards  where  it  offers  six  distinct  advantages: 

1.  Insulating  characteristics 

2.  Good  machinability 

3.  Light  weight 

4.  Durability 

5.  Corrosion  resistance 

6.  Good  printing  surface 

it  is  difficult  as  a  matter  of  fact  to  conceive  of  a  non¬ 
plastic  material  meeting  all  these  requirements.  But  G-E 
laminated  Textolite  is  an  unusuai  material  manufactured 
under  rigid  control  and  fabricated  to  specification. 

Write  for  our  new  booklet  “One  Plastics  Avenue.”  Section 
H-25,  Plastics  Department  General  Electric  Company,  One 
Plastics  Avenue,  Pittsfield,  Mass. 


August  Huber,  an  electrician  at 
Niderteuien,  Switzerland,  has  de¬ 
veloped  this  artificial  soldier  as  an 
aid  to  the  defense  of  his  mountain¬ 
ous  country.  Named  Sabor.  this 
robot  is  7  feet  5  inches  tall  and 
weighs  450  pounds,  and  can  be 
controlled  from  a  remote  point  by 
short  wave  signals  which  are  picked 
up  by  the  antenna  on  the  head. 
Microphones  instead  of  ears,  and 
a  loudspeaker  in  Sobor's  chest, 
enable  this  robot,  through  the  con¬ 
trol  operator,  to  carry  on  conver¬ 
sations 
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Oscillographic  Determination 
of  Dynamic  Balancing 

“Dynamic  Balancing  of  Small  Rotors 
By  Means  of  the  Cathode-Ray  Oscillo¬ 
graph,”  by  August  Raspet  and  Robert 
A.  McConnell,  appears  in  the  April- 
May  1941  issue  of  the  DuMont  Oscillo- 
grapher,  published  by  Allen  B.  DuMont 
Lalraratories.  It  can  be  demonstrated 
mathematically  that  a  rotor  can  be 
brought  to  perfect  balance  by  two 
weight  adjustments  made  at  any  radial 
distance  in  any  two  non-coincident 
planes  which  are  perpendicular  to  the 
axis  of  rotation.  When  convenient 
circles  have  been  chosen  as  the  cor¬ 
rection  loci,  the  practical  problem  re¬ 
maining  is  to  determine  the  amount 
and  location  around  the  periphery,  of 
the  masses  which  must  be  added  or  sub¬ 
tracted.  In  order  to  achieve  a  balance 
with  a  minimum  change  of  mass,  it 
is  customary  in  the  case  of  rigid  rotors 
to  choose  the  correction  planes  to  be 
near  opposite  ends  of  the  rotation  axis 
and  to  choose  the  correction  radii  as 
large  as  possible. 

The  rotor  to  be  balanced  is  mounted 
in  cantilever  bearings  and  rotated  at 
controlled  speeds.  It  may  be  driven  by 
electrical  means,  by  belt,  or  air  jets. 
The  cantilevers  should  be  sufficiently 
stiff  so  that  the  associated  natural  fre¬ 
quencies  lie  within  the  range  of  the 
cathode-ray  oscillograph.  The  needle 
of  a  rochelle  salt  phonograph  pickup 
engages  the  side  of  each  bearing  canti¬ 
lever  so  that  the  bending  •  of  each 
cantilever  generates  a  corresponding 
voltage. 

A  rotor  mounted  in  this  manner  will 
have  two  modes  of  vibration.  In  one 
the  two  bearing  cantilevers  will  bend 
in  phase,  that  is,  they  will  move  up 
and  dowm  together.  In  the  second  case 
the  cantilevers  will  move  out  of  phase, 
so  that  the  rotor  executes  a  torsional 
motion  about  an  axis  parallel  to  the 
cantilevers.  In  usual  shaped  rotors, 
where  the  radius  of  gyration  about  the 
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Rectifiers 

“stock”? 

more  than  that, 
production  fac¬ 
ilities  to  meet  your  specifications  and 
quantities  promptly. 

Let  B-L  engineers  aid  you  with  your 
rectifier  needs.  For  many  years  they  have 
studied  production  and  other  problems  of 
many  industries.  Consistently  their  rec¬ 
ommendations  have  resulted  in  lowered 
costs,  production  increases,  and  other 
worthwhile  savings. 

Your  problem  may  be  battery  charging 
or  any  one  of  the  numerous  requirements 
to  convert  A.C.  to  D.C.  current. 


Pincer  High  Frequency  Convartari  ar* 
praciiion  built  far  imcoth,  sllant,  dapand- 
abla  parformanca.  S  ta  500  waits.  '00 
and  500  cyclas.  Spaclil  units  dasignad 
to  maat  any  output  or  raqulramants. 


B-L  engineers  can  help 
you.  May  we  have  the 
opportunity  to  serve? 
No  obligation,  unless  we 
can  be  of  help. 
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Thasa  small  motors  ara  particularly 
adiptad  for  band  switching,  ramota  con¬ 
trol,  ate.,  for  aircraft  u  a  or  wSaravar  a 
small  light  waight  mo'or  Is  r  quirad  for 
unfaring  strvica.  23  warti  wurpui.  Othars 
as  raqjirad. 
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Pincor  Dynamotors  afford  a  dapandabla 
"B"  powar  supply  for  aircraft,  marina 
and  broadcast  sarvica,  mobila  units,  ate. 
Highast  afficiancy  and  ragulation.  5  to 
850  watts.  Input  5  to  110  volts;  output 
up  to  1750  volts. 
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The  Navy  radio  staff  at  West  Base 
in  the  Antarctic.  Left  to  right:  Chief 
Radioman  Cloy  W.  Bailey  of  Bel¬ 
mont,  Mass.;  radioman  1st  class 
J.  A.  Reess  of  Deport,  Texas;  and 
Naval  Aviation  Pilot  R.  Giles  of 
Conyers.  Georgio 
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rotor  axis  is  not  too  large  compared 
to  the  inter-bearing  distance,  the  reso¬ 
nant  frequency  of  in-phase  motion  will 
be  considerably  below  that  for  out-of 
phase  motion.  These  two  modes  of 
vibration  form  a  basis  of  a  method  of 
balancing  described  here. 

The  procedure  is  to  connect  the  pho¬ 
nograph  pickups  to  the  horizontal  and 
vertical  deflection  of  a  cathode-ray 
oscillograph.  When  the  rotor  is  turned 
at  a  speed  below  the  out-of-phase 
resonant  frequency  and  above  the  in- 
phase  frequency,  the  in-phase  motion 
of  the  bearings  resulting  from  static 
unbalance  will  appear  on  the  screen  as 
a  narrow  loop  whose  slope  to  the  left 
or  to  the  right  can  be  checked  as  cor¬ 
responding  to  in-phase  bearing  motion. 
The  amplitude  of  motion  resulting 
from  a  mass  unbalance  is  independent 
of  frequency  for  frequencies  well  above 
resonance.  Hence,  the  deflection  of  the 
cathode  ray  beam  will  be  constant 
and  proportional  to  unbalance  over  a 
range  of  speeds.  To  determine  the 
angular  position  at  which  the  mass 
should  be  applied  to  achieve  static 
balance,  the  rotor  is  marked  with  num¬ 
bers  around  its  circumference.  The 
cathode-ray  screen  is  covered  with  a 
mask  so  that  only  the  extreme  deflec¬ 
tion  appears  and  the  intensity  control 
is  turn^  up.  In  a  darkened  room  and 
with  a  fairly  large  cathode-ray  tube  a 
number  on  the  rotor  is  stroboscopically 
stopped.  This  indicates  the  point  at 
which  the  weight  must  be  added  or 
subtracted. 

Dynamic  balance  is  achieved  by  in¬ 
creasing  the  rotor  speed  above  the  out- 
of-phase  resonant  frequency.  The 
slope  of  the  deflection  line  on  the 
oscillograph  will  reverse  in  sign,  show¬ 
ing  the  change  of  relative  phase  for 
the  bearings.  The  mass  adjustment 
for  dynamic  balance  is  accomplished  as 
for  the  static  case  except  that  mass 
must  be  added  or  subtracted  at  two 
diagonally  opposite  joints  in  the  strobo¬ 
scopically  determined  point  through 
the  rotor  axis.  Mass  adjustment  is 
carried  out  until  the  voltage  output  of 
both  pickups  is  at  a  minimum. 


What  engineer  has  not  asked  him¬ 
self — “If  only  I  could  find  a  PERFECT 
SHIELD"?  Today,  with  production  of 
electronic  devices  at  their  highest 
peak,  the  need  for  a  shielded  wire 
which  offers  positive  and  unfailing 
protection  against  the  elements, 
electrical  pickup,  mechanical  dam¬ 
age,  corrosion,  breakage,  etc.,  is  ap¬ 
parent. 

Precision  Metal  Shielded  Wire  has 
all  these  qualities — plus  a  host  of 
others  including  lightness  of  weight 
and  extreme  flexibility.  No  Elec¬ 
trical,  Mechanical  or  Aeronautical 
Engineer  con  afford  to  be  without 
the  facts,  all  of  which  ore  contained 
in  our  latest  catalog.  Write  toda/ 
for  your  FREE  copy  of  the  com¬ 
plete  story  of  this  remarkable  new 
product. 
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Seattle  Radio  Supply 
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Tubes  with  Two  Control  Grids 

A  QUITE  THOROUGH  investigation  of  the 
properties  of  the  type  6L7G  tube  is 
discussed  by  Alexander  H.  Wing  in  “On 
the  Theory  of  Tubes  with  Two  Control 
Grids,”  in  the  March  1941  issue  of  the 
Proceedings  of  the  I.R.E.  The  author 
.states  that  the  purpose  of  this  paper  is 
to  describe  certain  characteristics  of 
two  control  grid  tubes,  which  previous¬ 
ly  had  not  been  discussed  in  any  great 
detail,  and  to  set  forth  a  method  of 
evaluating  the  performance  of  these 
grids  by  methods  which  are  not  so  time- 
consuming  as  to  prevent  their  use  in 
practice.  Numerous  charts  and  tables 
are  presented  to  show  the  character¬ 
istics  of  the  6L7G  under  varying  con¬ 
ditions.  It  should  be  well  worth  while 
for  any  engineer  using  the  6L7G  in  de¬ 
sign  work  to  study  this  article. 


Tha  above  Authorized  Distributors  carry  5'  coils  of 
copper  shielded  sinple.  double  and  triple  conductor 
wire.  They  will  be  glad  to  serve  you. 


3824-26-28  TERRACE  ST.,  PHILADELPHIA,  PA 


KLECTRONICS 


1 


Electrostatic  Photo-Multipliers 

The  operation  and  characteristics  of 
photo-multipliers  are  covered  in  an 
article  called  “Operation  of  Electro¬ 
static  Photo-Multipliers”  by  R.  C. 
Winans  and  J.  R.  Pierce.  The  story 
appears  in  the  May  1941  issue  of  The 
Review  of  Scientific  Instruments.  The 
characteristics  of  the  Western  Electric 
D-159076  photo-multiplier  are  used  to 
illustrate  various  points  covered  in  the 
text.  This  tube  incorporates  a  caesium- 
oxygen-silver  type  photocathode  and  a 
six-stage  electrostatic  type  electron 
multiplier. 

The  tube  works  in  a  circuit  as  is 
shown  in  Fig.  1.  The  photocathode 
emits  electrons  at  a  rate  proportional 
to  the  amount  of  light  falling  on  it. 
The  emitted  electrons  are  attracted  to 
the  next  more  positive  electrode  in  the 
series  and  strike  it  with  an  energy 
corresponding  to  the  potential  differ¬ 
ence  between  the  two  electrodes.  Part 
of  this  energy  is  utilized  in  the  libera- 


Lootf  * 
resisfanc*  * 


Positive,  dependable  frequency  control  for  radio  trans¬ 
mitters  in  marine-craft  (ship  harbor  service)  and  in 
itinerant  aircraft  (3105kc.  and  6210kc.)  is  economically 
obtained  with  the  type  MC5  Crystal  Unit.  This  unit,  low 
in  cost  yet  precision-built,  is  made  possible  by  the  appli¬ 
cation  of  quantity  production  methods  to  an  essentially 
custom  manufactured  product.  W(IT(  101  (ATAIOC  6-12 


Fig.  1 — The  electrostatic  photo-multi¬ 
plier.  The  voltage  developed  across 
the  load  resistance  is  sufficient  to 
drive  a  power  amplifier 


tion  of  secondary  electrons  from  the 
second  electrode.  The  ratio  of  secon¬ 
dary  electrons  to  incident  electrons  is 
the  secondary  emission  ratio,  or  the 
current  amplification  per  stage.  The 
emission  from  the  second  electrode 
strikes  the  third  where  a  similar  ampli¬ 
fication  takes  place,  and  so  on  through 
the  series.  If  X  secondary  electrons 
are  emitted  by  one  electron  striking 
the  plate,  and  there  are  n  stages,  then 
the  over  all  current  gain  of  the  tube 
is  X”.  To  keep  the  electrons  in  the 
correct  paths,  electrostatic  or  magnetic 
fields  are  used.  The  tube  discussetl 

August  1941  —  ELECTRONICS 


MIDGET  RELAYS  FOR 
A.C.  or  D.  C.  OPERATION 


UNION  STATION  BUILDING 


ERIE,  PA 


BLILEY  ELECTRIC  COMPANY 


R-B-M  Midget  Relays  are  designed  and 
produced  to  dependably  operate  continu¬ 
ously  and  efficiently  under  a  wide  range 
of  specifications.  Their  oversize  self¬ 
cleaning  contacts  will  withstand  severe 
vibration  and  handle  loads  up  to  their 
full  rated  capacity  without  overheating. 
R-B-M  relays,  similar  to  Type  40,  illus¬ 
trated,  are  finding  ready  acceptance  in 
aviation  controls,  radio  transmitter  con¬ 
trols,  sensitive  electronic  devices  and  an 
infinite  number  of  remote  control  appli¬ 
cations  vital  to  our  National  Defense. 
Let  R-B-M  engineers  recommend  Elec¬ 
tro  Magnetic  Controls  to  meet  your  re¬ 
quired  performance. 
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uses  electrostatic  fields  and  only  needs 
the  application  of  suitable  potentials 
to  the  tube  terminals.  The  photo¬ 
multiplier  is  really  a  vacuum  phototube 
plus  a  high  quality  amplifier.  The 
D-159076  for  instance,  has  a  gain  of 
70  db  which  is  about  60  db  more  sensi¬ 
tive  than  the  normal  gas-filled  photo¬ 
tube.  The  allowable  voltage  swing  of 
the  output  is  high  enough  to  drive  a 
power  amplifier  directly.  It  is  suita¬ 
ble  for  frequencies  up  to  several  mega¬ 
cycles. 

Tests  show  that  the  accuracy  of  the 
voltage  division  may  vary  plus  or 
minus  5  percent,  without  changing  the 
sensitivity  of  the  device.  Curves  of 
output  current  versus  collector  voltage 
are  flat  from  75  to  150  volts  for  this 
tube.  This  means  that  the  tube  will 
deliver  a  peak  voltage  swing  of  75 
volts  without  distortion.  The  load  im¬ 
pedance  in  the  collector  circuit  should 
be  so  chosen  that  the  collector  voltage 
will  always  be  within  the  75  to  150 
volt  range.  For  example,  a  multiplier 
with  a  sensitivity  of  40  milliamperes 
per  lumen  at  100  volts  per  stage,  oper¬ 
ating  under  conditions  where  the  light 
varies  from  zero  to  0.05  lumen,  will 
have  its  collector  current  varying  from 
zero  to  2  milliamperes.  At  zero  light 
and  zero  current  the  voltage  should 
be  150  volts,  and  at  full  light  and  2 
milliamperes  the  voltage  should  be  75 
volts.  Thus  the  load  impedance  should 
be  a  37,500  ohm  resistor. 

The  article  also  discusses  the  fluctu¬ 
ation  noises  in  phototube  circuits  and 
multipliers. 


SCIENTISTS  ATTEND 
MEETING 


Dr.  Arthur  H.  Compton,  professor 
of  physics  in  the  University  of 
Chicago;  Dr.  W.  F.  G.  Swann,  di¬ 
rector  of  the  Bartol  research  Lab¬ 
oratory  of  the  Franklin  Institute  at 
Swarthmore,  Pa.:  Dr.  William 
Wright,  director  of  the  Lick  Lab¬ 
oratory  at  Mt.  Hamilton,  Cal,;  and 
Dr,  Ladislaus  Marton,  physicist  of 
RCA  Manufacturing  Co.  at  Camden, 
attending  the  general  meeting  of 
the  American  Philosophical  Society 
in  Philadelphia 


RESISTANCE  PROBLEMS 

- . .  From  Our  New,  Compact 
Blue  Ribbon  Resistor  to  the 
Largest  Custom-made  Job.,. 

Exclusive  features  of  our  flat  Blue  Ribbon  resistor  — ex¬ 
treme  compactness,  greater  capacity  and  ease  of  mounting. 

Vitreous  enameled  resistors  and  rheostats  — over  100 
standard  resistor  sizes  ranging  from  4  to  400  watts  — 


HARDWICK,  HINDLE  •  Inc. 

r  Resistors  •  Rheostats  •  Radio  Frequency  Reactors 
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I  Custom-made  resistance  devices  of  all  types 


Standard  rheostats  from  10  to  500  watts  — all  available 
with  a  diversity  of  terminals,  mountings,  etc.  — thus  en¬ 
abling  us  to  make  quick  deliv¬ 
ery  of  your  needs  whether  they 
be  standard  or  special. 

During  our  16  years'  experi¬ 
ence  in  the  development,  manu¬ 
facture  and  application  of 
resistance  devices,  valuable 
knowledge  has  been  attained  — 
our  engineering  co-operation  is 
at  your  command. 

May  we  consult  with  you  on  your  next  order? 
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Cathode-Ray  Tube  For 
P-V  Diagrams 

Modern  high-speed  engines  make  it 
impossible  to  use  the  conventional  in¬ 
dicator  such  as  is  used  in  the  steam  . 
engine  to  get  a  pressure-volume  dia- ! 
gram  for  the  determination  of  the  ma¬ 
chine’s  performance.  The  cathode-ray 
tube  has  been  used  quite  successfully 
•'n  this  application.  The  beam  is  weight- 
lass,  and  responds  readily  to  rapid 
variations  in  pressure  which  have  been 
translated  to  voltage  fluctuations  thus 
making  possible  accurate  diagrams. 

“An  Electrical  Pressure  Indicator 
For  Internal  Combustion  Engines”  by 
P.  J.  Hagendoorn  and  M.  F.  Reynst 
(Philips  Technical  Review,  December, 
1940),  is  an  article  which  describes  a 
pressure  indicator  using  a  cathode-ray 
tube.  A  metallic  membrane  is  set  into 
the  cylinder  wall,  and  serves  as  one 
electrode  of  a  condenser,  comprising 
part  of  a  bridge  connection  to  which  u 
fed  a  high  frequency  voltage.  Varia¬ 
tions  in  pressure  inside  the  cylinder,  as 
the  piston  goes  through  its  cycle,  cause 
the  membrane  to  vibrate  and  vary  the 
capacity  of  the  condenser.  This  action 
causes  a  modulation  of  the  high  fre¬ 
quency  voltage  which  is  amplified,  de¬ 
tected,  and  then  impressed  on  the  verti¬ 
cal  deflecting  plates  of  the  cathode-ray 
tube.  The  horizontal  deflecting  volt¬ 
age  which  must  be  proportional  to  the 
displacement  of  the  piston  is  obtained 
in  a  similar  manner.  A  fixed  plate  and 
a  metallic  cylinder  comprise  the  elec¬ 
trodes  of  a  condenser.  The  cylinder 
is  fastened  to  the  crankshaft  of  the 
engine  so  that  one  revolution,  (which 
produces  a  cycle  of  variation  in  capaci¬ 
tance),  is  equivalent  to  a  complete  cycle 
of  the  piston  stroke.  This  variable  con¬ 
denser  is  also  included  in  the  bridge 
connection,  and  as  before,  is  fed  the 
high  frequency  voltage  which  is  modu- 


Ramler  Attenuator*  auure  s-m-o-o-t-h 
mixing  .  .  .  completely  eliminate 
"scratch."  Silver  blades  on  silver 
taps  (.030"  solid  silver)  machined 
to  precision,  "floated"  on  ball¬ 
bearings.  Self-cleaning  —  soft  thin 
silver  oxide  automatically  wipes  off 
with  blade!  Always  quiet,  even 
in  low-level  circuits.  For  complete 
specifications  write: 


Son  FroRciteo 


1 9tk  at  Bryant 


%  Four  out  of  five  times  you  can  find 
lust  the  type  electrolytic  condenser  you 
require  among  standard  Aerovox  list¬ 
ings.  This  is  because  the  line  is  so 
extensive  and  complete.  And  the  fifth 
time  it's  easy,  quick,  inexpensive  to 
base  a  special  type,  matched  to  your 
specs.,  on  the  Aerovox  wide  choice  of 
cans,  mountings,  terminals,  capacities, 
foils,  voltages. 


SPEAK  —  DON’T 
WRITE 


Virtually  a  complete  plant  in  its  own 
right  and  importance,  the  Aerovox 
Electrolytic  Department's  vast  produc¬ 
tion  facilities  these  days  are  still  more 
than  a  match  for  the  tremendous  de¬ 
mand  of  National  Defense  and  trade 
alike. 


EICOR  DYNAMOTORS 

Proved  in  Action^ 


Eicor  Dynamotors  have  proved  them¬ 
selves  under  the  most  critical  operat¬ 
ing  conditions  in  Aircraft,  Police  and 
Marine  mobile  radio.  They’re  built  to 
the  most  exacting  specifications — are 
light  in  weight,  high  in  output,  and 
completely  dependable.  Available  in  a 
wide  range  of  types  from  the  smallest 
in  size  to  the  largest  required.  Send 
us  your  specifications  or  write  for 
Bulletin  D2. 


Submit  that  Problem 


Send  us  that  capacitance  problem — 
whether  it  colls  for  electrolytic  or  other 
types.  Engineering  collaboration,  speci- 
ficatioiu.  quotations,  samples,  cheer¬ 
fully  submitted  to  responsible  parties. 


EICOR,  1050  W.  Adams  St.,  Chica(o,  U.S.A. 
Export:  Ad  Aorieme,  89  Bread  St.,  N.  Y, 


These  members  of  the  33rd  Divi¬ 
sion.  Illinois  National  Guard,  tell 
all  about  Army  life.  Instead  of 
writing  letters,  they  record  their 
messages  on  discs  ond  mail  them 
home 


^  **  CORPORATION 

NEW  BEDFORD,  MASS 
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Automatic  electric 

prefers 

IRVINGTON  INSULATION 


The  Automatic  Electric  Company  states  that 
Irvington  Varnished  Cambric  Cloth  and  Irvington 
Varnished  Red  Rope  Paper  are  used  for  moisture 
proof  insulation,  protection  against  corrosion  and 
electrolysis — and  to  improve  the  appearance  of 
their  relays. 

Irvington  varnishes  used  in  the  manufacture  of  var¬ 
nished  cambrics  and  papers  are  especially  developed  for 
the  purpose  and  continuously  improved  to  meet  the 
latest  technical  requirements  for  modern  insulations. 

Irvington  VARNISHED  CAMBRIC  TAPE  AND 
PAPER  comply  with  the  N.E.M.A.  and  A.S.T.M.  speci¬ 
fications.  Constant  research  have  made  them  unsur¬ 
passed  for  commercial  insulation  use.  Due  to  their 
pliability  and  smoothness  of  finish,  they  are  adapted  to 
every  requirement  of  hand  or  machine  application. 

Samples  for  your  own  test  will  be  forwarded  on  re¬ 
quest.  Write  to  Irvington  Varnish  &  Insulator  Com¬ 
pany,  Department  106. 


WOMEN  IN  DEFENSE 


Betty  Norton  and  Dorris  Pattison. 
students  oi  Adelphi  College  oper¬ 
ate  a  one-half  watt  portable  two 
way  police  radio  transmitter  as 
port  oi  the  Women's  Defense  Day 
program.  The  unit  can  communi¬ 
cate  with  cars  within  a  mile 


IRVINGTON,  NEW  JERSEY.  U.  S.  A. 
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r//,i  KICIl’KRDSON  COMPANY 


FOUNDED  tese  _ 

MELBOSE  PABK  ILL  LOCKLAND  OI 

NEW  BRUNSWICK  N  J  INDIANAPOLIS  II 
DETROIT  OFFICE  4  252  G  M  BUILDING 
NEW  YORK  OFFICE  75  WEST  STREET 


TUBES 


Characteristics  of  phototubes  are  pre¬ 
sented  in  addition  to  the  data  on  receiv¬ 
ing  tubes  registered  by  the  R.M.A.  Data 
Bureau  during  June 


Type  5Y3GT/5Y3G 

Full-wave  rectifier,  filament  type,  T-9 
glass  envelope,  seated  height  2  {I  inches 
(max),  intermediate  shell  5-pin  octal 
base. 


To  those  who  have  never  used 
INSUROK,  the  many  advantages  of 
this  precision  plastic  are  almost  un¬ 
believable.  Every  day,  in  countless 
products  and  in  production  equip¬ 
ment,  INSUROK  provides  indisput¬ 
able  proof  of  superior  performance. 

INSUROK  is  engineered  to  meet 
today's  requirements  ...  to  do  a 
given  job  better  than  it  has  ever 
been  done  before. 


Tube  Types  registered  by  R.MJt. 
Data  Bureau  During  June  1941 


Type  12SL7GT 

DouBfLE  triode  amplifier,  high  mu,  heater 
type,  T-9  glass  envelope,  seated  height 
23  inches  (max),  intermediate  shell 
8-pin  octal  base. 


RATINGS 
Ef  -  5.0  V 

2.0  ampe 

E(inverse)  —  1400  v 
/^(peak  per  plate) 

»  375  ma 


WITH  CONDENSER- 
INPUT  FILTER 
E„(Tma.  p>er  plate) 
••  350  V  (max) 
lit  —  125  nuk  (max) 
Total  Effective  Plate 
Supply  Impedance  per 
nate  ••  50  ohms  (min) 


RATINGS  • 

Ek  -  12.6  V 
Ik  “  0.15  amp 
E  *  “  250  V  (max) 
Ee  “  0  V  (min) 
TYPICAL  OPERA 
TION 

Each  triode  unit 
Ek  -  250  V 
E,  -  -2v 
/k  “  2.3  ma 

Om  ••  1600  kimhoF 

M  -  70 

rs  =  44,000  ohms 
Basing  8BD-0-0 


WITH  CHOKE-INPUT 
FILTER 

E.cCrms,  per  plate) 
“  500  V  (max) 

Idt  »  125  ma  (max) 
Input  Choke  Induc¬ 
tance  —  5  h  (min) 
Basins  5T-0-0 


TO  CARRY  ON  DURING  BLACKOUTS 


oo  oo® 


Scarcely  an  Indus- 
C-  \  \  \  try  can  be  found  in 

\  which  INSUROK 
\\  \  parts  do  not  play  a 
leading  part  in  stepped-up  performance.  Typical 
is  the  use  of  INSUROK  in  the  electrical  field. 
Micro  switches,  operating  under  extremely  close 
travel  limitations,  and  with  lightning  rapidity, 
are  widely  used  in  precision  control  mechan¬ 
isms.  Plastic  parts  are  Molded  INSUROK.  Write 
for  literature  and  technical  data  about  INSU¬ 
ROK  ;  no  obligation,  of  course. 


Here  ore  two  identical  views  of  a  power  station,  "somewhere  in  Germany". 
One  photograph,  made  with  normal  artificial  illiunination  shows  the  usual  con¬ 
ditions  of  operation.  In  the  event  of  a  blackout,  luminous  meter  dials  and 
panel  lettering  guide  the  operating  personnel  in  the  proper  dischorge  of  their 
duties  even  though  they  must  work  in  complete  darkness 
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Phototubes 


ONLY 


Type  CE-5WB 

Continental  Electric  Co. 


Phototube  (vacuum  or  gas-filled), 
cathode  area  0.56  sq  inch,  seated  height 
to  center  line  of  cathode  IJ  inch,  overall 
seated  height  2i  inches  (max),  diameter 
I  inch  (max).  This  type  is  sometimes 
used  in  cartridges. 


Sensitivity 

Gas-filled  phototubes  are 
available  with  sensitivities 
ranjdnc  from  10  to  400 
fA/Iumen. 

Vacuum  phototubes  are  ^ 
available  with  sensitivities  i 
ranff  ng  from  5  to  50 
Ma/lumen. 

Operating  voltage  »  90  v 
Ionisation  voltage  (gas-filled 
tubes)  “  115  V 


itIcMiti-Angrtrona 

Kui  M 


Type  CE-5AB 

Continental  Electric  Co. 

Phototube  (vacuum  or  gas-filled), 
cathode  area  0.56  sq  inch,  seated  height 
to  center  line  of  cathode  li  inches,  over¬ 
all  seated  height  2i  inches  (max),  di¬ 
ameter  i  inch  (max).  Based  in  a  single 
contact  auto  lamp,  anode  to  center  con¬ 
tact. 


Sensitivity 

Qas-fiUed  phototubes  are 
available  with  sensitivities 
ranjdng  from  10  to  400 
aa/lumen. 

Vacuum  phototubes  are 
available  with  sensitivities  5 
from  5  to  50 


ranmng 
Ma/lumen. 

Operating  voltage  —  90  v 
Ionisation  voltage  (gas-filled 
tubes)  =  115  v 


4f00  UOO  WOO 
WoMlcfiqth  -  Anjitrcira 
Blut  M 


Type  926 

R.C.A. 


Vacuum  phototube,  cartridge  type, 
window  area  0.4  square  inch,  distance 
from  base  of  cathode  cap  to  center  line 
of  cathode  11/16  inch,  overall  length 
1  21/32  inch,  overall  diameter  0.890 
inch  (max). 


Angstrom  Units 
Thousorwls 


fothodt 


Ano&t’' 


Luminous  Sensitivity 
0  cpe  (dc)  —  6.5  sa/lumen 
1000  cps  «  6.5 
5000  cpe  ••  6.5 
C(rathode-anode)  ••  0.5  mmI 
•Max  Ambient  Temp  ••  100°  C 
Max  Anode  Supply  Voltage 
—  5<X)  V 

Max  Anode  Current  ~  20  Ma 
iienaitivity  0.00^  Ma/M^att 
radiant  flux  at  4400  A.  See 
curve. 


PRESTO 


A  Glass  Base  Recording  Disc 
With  Two  Holes 


...  A  center  hole  protected  by  a 
brass  eyelet  to  insure  a  snug, 
concentric  fit  on  the  turntable 
shaft  and  to  prevent  chipping 
when  the  disc  is  removed  from 
the  table.  Unprotected  center 
holes  startcracks,cause"wows”. 


better  quality  of  reproduction, 
less  surface  noise  because  of 
their  extra  smoothness  and  ri¬ 
gidity.  They  are  worth  trying  at 
your  station.  Ask  your  distribu¬ 
tor  for  a  sample  shipment  today. 


...  A  second  hole  for  the  drive 
pin  that  is  vitally  necessary  to 
drive  your  cutting  mechanism 
without  slippage.  Lack  of  a  posi¬ 
tive  drive  causes  imperfect 
grooving,  ruined  recordings. 

These  exclusive  features  to¬ 
gether  with  the  extra  thickness 
of  the  base  make  the  Presto 
Glass  Disc  as  safe  to  handle  as 
an  ordinary  transcription. 

Recording  Engineers  tell  us 
that  Presto  glass  discs  give  a 


IMPORTANT  NOTICE:  If 
you  are  using  Presto  recoated 
aluminum  discs  as  well  as  glass 
discs,  ask  your  distributor  for 
our  new  thin  rubber  turntable 
mat.  The  thin  mat  compensates 
exactly  for  the  difference  in 
thickness  of  the  discs,  keeps  the 
adjustment  of  your  cutting 
mechanism  and  needle  angle 
correct  for  both  types.  You  will 
receive  a  thi  n  mat  without  charge 
with  your  first  order  for  Presto 
Glass  Discs. 


PRESTO 


RECORDING  CORP. 
242  WEST  55th  ST.N.Y. 


In  Olha,  Cilia,,  rhon*  .  .  .  ATLANTA.  Jack  4377  •  BOSTON,  Bal.  4510 

CHICAGO.  Mar  4740  •  ClfVELANO,  Ma  1545  .  DALLAS,  37093  •  DENVER. 
01.4777  .  DETROIT  Univ.  1-0110  •  HOLLYWOOD,  Hil.  91 33  •  KANSAS 
CITY,  Via.  4431  •  MINNEAPOLIS.  Atlanlic  4714  •  MONTREAL.  Wal.  471  • 
PHILADELPHIA,  Panny  0547  .  ROCHESTER.  Cul.  SS4I  •  SAN  FRANCIS¬ 
CO,  Yu.  0731  •  SEATTLE,  San.  7540  •  WASHINGTON  0.  C.  Shap.  4003 


Wofld*t  torgasl  Monv/oclurars  of  Inilonlonaou,  Sounif  Racofding  Equipment  and  Oilcc 
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Also  manufacturors  of  hiqh 
qrada  cotton  and  silk  cev- 
arad  wiras,  cotton  and  tllk 
covarinqs  ovar  anainal  coatad 
wiras,  and  all  constructions 
of  Lit!  wiras.  A  variaty  of 
covarinqs  mada  to  cus- 
tomars'  spacifications,  or  to 
raquiramants  datarminad  by 
our  anqinaars.  Complata  da- 
siqn  and  anqinaarinq  facili- 
tias  ara  at  your  disposal; 
datails  and  quotations  on 
raquast. 


ENAMELED 

MAGNET 

WIRE 

A  product,  rasutting  from  many  yaars  of 
rasaarch  in  fha  fiald  of  fina  wira  manu- 
factura,  that  maafs  tha  most  rigid  ra¬ 
quiramants  of  radio  and  ignition  coils. 
A  naw  coating  mathod  givas  a  smooth, 
parmanantly-adharant  anamaling,  and 
marcury-procass  tasts  guarantaa  parfact 
uniformity.  Graat  flaxibility  and  tansile 
strangth  assura  parfact  laying,  avan  at 
high  winding  spaads.  If  you  want  ra- 
duction  in  coil  dimansions  without  sacri¬ 
ficing  alactrical  valuas,  or  saak  a  uniform, 
laakproof  wira  that  will  dalivar  extra 
yaars  of  sarvica,  this  Hudson  Wira 
product  is  tha  answar. 


HUDSOIJIjriRE  CO. 

JUM^ion 


WINSTED 


CONNECTICUT 


MmkMM 


4' 

AUTOIHATIC 


ELECTRIC 


j  Type  CE-1 

Continental  Electric  Co. 

;  Phototubb  (vacuum  or  gas-filled), 
I  cathode  area  0.94  sq  inch,  seated  height 
to  center  line  of  cathode  2  inches,  over- 
!  all  seated  height  Si  inches  (max),  di- 
j  ameter  1  inch  (max),  4-pin  base. 


-AngsTrorm 


Sensitivity 

Gan-fil|p«l  phototubes  are 
avsilal>le  with  sensitivities 
ranrinK  front  10  to  4(HI 
Ma/liimen. 

Vacuum  phutotuites  are 
available  with  sensitivities 
ranmnfc  from  5  to  .VI 
Ma  lumen. 

Operating  vc  Itaae  —  IK)  v 
Ionisation  voltaxe  (ftas-fille<l 
tubes)  “  11. 5  V 


Type  CE-IS 

Continental  Electric  Co. 

Phototube  (vacuum  or  gas-filled), 
cathode  area  0.94  sq  inch,  seated  height 
to  center  line  of  cathode  2  inches,  over¬ 
all  seated  height  3i  inches  (max),  di¬ 
ameter  1  inch  (max),  4-pin  base. 


m  kon  .  am 

Wowing -Angstrom 


FASTENED 


Springs  assembled 


while  clomped  un 


der  high  pressure 


Amencen  Aufemettc  Elecmc  Seles  Cempeny 


M  Coimim:  Cewdion  A  SwppiMt  limilM, 


Sensitivity 

Cias-fillpd  I  hototulM‘s  are 
I  available  with  sensitivities 

j  ranitinK  from  10  to  400 

pa,  lumen. 

I  Vacuum  photottiltes  are 

I  available  with  sensitivities 

ranidnft  from  .5  to  oO 
pa.  lumen. 

:  Oiwratinx  voltaKe  »  *K)  v 
I  Ionisation  voltage  (.gas-filled 
tubes)  —  115  V 


Type  CE-IRBS 

j  Continental  Electric  Co. 

I  Phototube  (vacuum  or  gas-filled), 
cathode  area  0.94  sq  inch,  seated  height 
'  to  center  line  of  cathode  2  inches,  over¬ 
all  seated  height  23  inches  (max),  di- 
i  ameter  1  inch  (max),  4-pin  base. 


dm  um  two 

Vtanlrngth  -  Anostrom 
HU  Std 


Sensitivity 

Gas-filled  phototubes  are 
available  with  sensitivities 
ranging  from  10  to  400 
pa/lumen. 

Vacuum  I'hototubes  are 
available  with  sensitivities 
ranging  from  5  to  50 
pa '  lumen. 

Operating  voltage  =  {HI  v 
Ionisation  voltage  (<ras-fille<l 
t  ubes)  *  1 1 5  V 
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RADIATORS 


Continental  Electric  Co. 

Phototube  (vacuum  or  gas-filled), 
cathode  area  1.33  sq  inch,  seated  height 
to  center  line  of  cathode  li  inch,  overall 
seated  height  3  inches  (max),  diameter 
li  inch  (max),  4-pin  base. 


gives  you  TODAY 
the  Radiators 

of  TOMORROW 


4110  un  am 

Wjwknath  -Aiiytron’5 


Senutivity 

Gaa-fillM  phototubes  are 
available  with  sensitivities 
ranaina  from  10  to  400 
aa/lunien. 

Vacuum  phototubes  are 
available  with  sensitivities 
rannna  from  5  to  50 
^a/lumen. 

Operatina  voltaae  —  90  v 
Ionisation  voltaas  (aas-filled 
tubes)  —  115  V 


desigied  for  the  eogineer 
interested  in  results 


Continental  Electric  Co. 

Phototube  (vacuum  or  gas-filled), 
cathode  area  1.33  sq  inch,  seated  height 
to  center  line  of  cathode  li  inch,  overall 
seated  height  3  inches  (max),  diameter 
li  inch  (max),  4-pin  base. 


-Angstroms 


By  keeping  pace  with  Radio,  with  one  foot  on  the  ground  and  an 
eye  to  the  future  .  .  .  Lingo  provides  the  broadcasting  industry 
with  specially  designed  radiators  for  every  requirement  of  present-day 
operations.  Lingo  engineers  have  accomplished  outstanding  results 
in  the  designing  and  construction  of  AM  and  FM  Radiators  that  are 
creating  new  performance  records.  Improved  designs  and  exclusive, 
patented  features  are  responsible  for  their  high  efficiency,  unexcelled 
stability  and  low  maintenance  cost.  LOOK  TO  LINGO — for  proven, 
factual  information  on  modern  antenna  systems. 


Sensitivity 

(ia»-fillp(l  ph(>totul>es  are 
available  with  sensitivities 
ranrinic  from  10  to  400 
MH  lumen. 

Vacuum  photot  ul>es  are 
available  with  sensitivities 
lanitinK  from  .5  to  50 
mb  lumen. 

OperatinK  voltage  ••  iM)  v 
Innization  voltaKe  (Ku-s-filled 
tul>es)  —  11.5  v 


Continental  Electric  Co. 

Phototube  (vacuum  or  gas-filled), 
cathode  area  1.73  sq  inches,  seated 
height  to  center  line  of  cathode  3i 
inches,  overall  seated  height  4i  inches 
(max),  diameter  2\  inches  (max), 
flexible  leads. 


•  Before  you  SELECT  or  ERECT — investigate  the  exclusive  advan¬ 
tages  ot  LINGO  RADIATORS  for  both  AM  and  FM.  Our  engineering 
staff  is  ready  and  glad  to  provide  technical  data  concerning  your 
particular  station.  Write  today  and  state  frequency,  power  and 
location.  I  For  FM — give  height  of  building  or  supporting  tower.) 


Sensitivity 

< ':i»-fill^  phototul>«*s  “■■**>». 
available  with  sensitivities i  s' 
t^mginK  from  10  to  400 
s:i.  lumen.  d-t 

'  ;icuum  phototubes  are.lf« 
available  with  sensitivities 
r.insing  from  5  to  50“'® 
S  I  lumen.  ^ 

UiM  rating  voltage  «  JM)  v 
Ionization  voltage  (gas-filled 
t"l)e*)  —  116  V 
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I  Inftrmtdicrit 

scrtw  lamp  base 
'Anode  oonnecffon 
'Cafhode  connection 


Wavelength, 
Anastrom  UnitS' 
Thoueonds 


Gas  Amplification  Factor — Not  over  8.5. 

Luminous  Sensitivity 

0  cps  (dc)  «  M  Mtt/lumen 
1000  cps  —  Less  than  5.5 
5000  cps  -  Less  than  55 
C(cathode-anode)  —  2.5  ppi 
Max  Ambient  Temp  —  100®  C 
Max  Anode  Supply  Voltage 
“  90  V 

Max  Anode  Current  —  15  ms 
Sensitivity  (E  anode  supply 
“  90  V  and  Ri  «  1  megohm) 

“  0.0050  «<a/Mwatt  radiant 
flux  at  7500  A.  See  curve. 


ALLIED  .  .  .  TYPE  AN  RELAY 


•  A  prociaion-built.  hoovy  duty  relay  do- 
eiqnad  ior  th*  most  axacting  roquiramanta 
oi  military  and  naval  oircroit  usas.  Do- 
pandabl*  also  ior  us#  in  all  typ#s  oi 
mobil#  equipment. 


•  Minimum  weight,  sise  and  mounting 
space  was  placed  at  a  premium  in  design. 
Capable  oi  handling  up  to  75  amperes 
at  24  volts  D-C.  Insulation  is  Bokelite — 
wax  impregnated.  Fine  silver  or  special 
contacts  depending  on  rating.  Many  other 
exclusive  and  desirable  ieatures. 


Type  CE-4WB 


•  Allied's  complete  line  includes  relays 
ior  oircredt,  communication  and  electronic 
uses.  Write  ior  latest  literature. 


Continental  Electric  Co. 

Phototube  (vacuum  or  gas-filled), 
cathode  area  0.63  sq  inch,  seated  height 
to  center  line  of  cathode  li  inch,  overall 
eated  height  2i  inches  (max),  diameter 
1  inch  (max),  no  base.  This  type  is 
sometimes  used  in  cartridges. 

Sensitivity 

Gasyfilled  phototubes  are  ________ 

available  with  sensitivities  j  S'!  I  I 

ranidng  from  10  to  400 
Ms/lumen. 

Vacuum  phototubes  are 
available  with  sensitivities 
ranmng  tom  5  to  50 
Ms/lumen. 

Operating  voltage  —  90  v 
Ionisation  voltage  (gas-filled 
tubes)  —  115  v 


/Collar  for  dollar  we  believe 
the  1941  SKY  CHAMPION 
represents  the  best  value  ever 
offered  in  the  communications  field. 
This  9  tube,  4  band  receiver  tunes 
from  545  kc.  to  44  me.  Band  one 
545  kc.  to  k,720  kc.  Band  two  1,760 
me.  to  5.2  kc.  Band  three  5.3  me.  to 
15.6  me.  Band  four  15.3  me.  to 
44  me. 

The  1941  SKY  CHAMPION  has  all 
the  essentials  for  good  reception; 
automatic  noise  limiter,  AVC  switch, 
standby  switch,  inertia  bandspread 
tuning,  separate  electrical  band- 
spread,  beat  frequency  oscillator, 
battery  -  vibrapack,  D  C  operation 
socket. 


ALLIBD  CONTROL  CO.,  INC. 
227  FULTON  STREET  NEW  YORK  CITY 


V  TRIPLE  OUTPUT!!— Think  what  this  meam 
—3  separata  outputs  from  a  single  Dynamotor! 
The  new  Cartar  Triple  Output  Dynamotor 
shown  below,  is  winning  wide  acclaim  in  the 
Aircraft  Industry  because  of  Hs  high  efR- 
ciancy,  small  size,  and  extra  light  weight. 


4j00  LDOO  UOO 
IHowkwatli  -  Anyiroms 


Continental  Electric  Co. 

Phototube  (vacuum  or  gas-filled), 
cathode  area  0.56  sq  inch,  seated  height 
to  center  line  of  cathode  li  inch,  overall 
seated  height  2i  inches  (max),  diameter 
i  inch  (max),  3-pin  base. 


See  the  Sky  Champion  at 
Your  Hallicrafters  D  i  s- 
tributor. 


9  Write  today  for  descriptive  literature  on 
Cartar  Dynamotors— D.C.  to  A.C.  Converters — 
Double  and  Triple  Output  Dynamotors — Mag- 
motors — Special  Motors — High  Frequency 
Converters— and  Permanent  Magnet  Dyna¬ 
motors. 


itn  kDOO  uoo 
-  Angstroms 


Sensitivity 

Gas-filled  phototubes  are 
available  with  sensitivities 
ranmng  from  10  to  400 
ua/lumen. 

Vacuum  phototubes  _  are 
available  with  sensitivities 
ranring  from  5  to  50 
aa/Iumen. 

Operate  voltage  —  90  v 
Ionisation  voltage  (gas-filled 
tubia)  ~  115  V 


hallicratters  co 

CHICAGO,  U.  S.  A. 

USED  BY  33  GOVERNMENTS 
SOLD  IN  89  COUNTRIES 


1606  Milwaukee  Ava.  Cable:  Ganamofor 
Carter,  a  woll  known  noma  In  Radio  tinea  1922 
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Continental  Electric  Co. 

PHOTOTUBE  (vacuum  OF  gas-filled ) , 
cathode  area  0.63  sq  inch,  seated  height 
to  center  line  of  cathode  13  inch, 


over¬ 
all  seated  height  inches  (max),  di¬ 
ameter  1  inch  (max),  4-pin  base. 


Sensitivity 

Uu^ftlled  phototubes  are 
available  with  sensitivities 
ranging  from  10  to  400 
Ma/lumen. 

Vacuum  phototubes  are 
available  with  sensitivities 
ranging  from  5  to  50 
aa/lumen. 


Vacuum  phototube,  window  area  0.6 
square  inch,  seated  height  to  center 
line  of  cathode  13  inch,  overall  length 
3  1/16  inches  (max),  overall  diameter 
1.275  inch  (max),  5-pin  octal  base. 


PIMY|I  N  HAS  T  H  E  M  1 N  ST  0  C  K  // 


Kenyon  is  perhaps  the  only  transformer  manufacturer  in  the  industry 
with  a  stock  of  SUBMERSION-PROOF  TRANSFORMERS  on 
hand. 

This  is  all  the  more  remarkable  when  it  is  considered  that  Kenyon 
Tube  Base  Transformers  meet  the  rigid  specifications  of  both  the 
U.  S.  Army  and  Navy. 

A  trend  toward  specialization  in  this  type  of  construction  for  both 
Standard  and  Submersion  proof  operation  has  made  this  possible. 

FEATURES 

★  Frequency  Response  with  no  D.  C.  in  windings  plus  or 
minus  2  DB,  30-20,000  cycles. 

★  Light  in  weight  .  .  .  average  only  5  oz. 

★  Compact  ...  A  real  space  saver  for  portable,  mobile  or 
aviation  equipment! 

★  Solves  Production  Problems  .  .  .  Wire  up  equipment  and 
just  plug  in  transformers! 

if  Can  be  furnished  with  positive  locking  device! 

if  Absolutely  Water  tight  .  .  .  because  of  Kenyon’s  exclusive 
construction  and  manufacturing  process! 

if  Alum'lite  Finish  on  Case  .  .  .  prevents  corrosion,  makes 
unit  impervious  to  moisture,  stands  200  hour  salt  spray  test! 

Our  Engineering  Department  will  be  glad  to  assist  with  your  trans¬ 
former  problems.  New  1941  Catalog  of  all  stock  items  sent  on  request 


A  Correction 

The  incorrect  basing  diagram  for  the 
type  1851  tube  was  published  in  the 
June  issue  of  Electronics.  The  cor¬ 
rect  data  is  presented  below. 


Triple-grid 


amplifier,  heater  type, 
metal  envelope,  seated  height  2f|  inches 
(max),  8-pin  base. 
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Synchronized 

Voltages 


For  Close  Tolerances 


(Continued  from  page  32) 


mum  p.  FRiEz 

and  SONS  select 

WILCO 


shielded  electrostatically  between 
primary  and  secondary  so  that  the 
capacitative  coupling  between  them 
is  reduced  to  a  minimum.  Any  such 
coupling  feeds  the  stimulating  volt¬ 
age  directly  into  the  input  of  the 
action  potential  amplifiers  and  in¬ 
creases  the  “shock  artifact”. 


Thermometals 


In  commercial  or  defense  work — there’s  no  room  for 
inaccuracies  today.  In  the  De  Luxe  Room  Thermostats, 
made  by  Julien  P.  Friez  &  Sons,  for  example,  a  toler¬ 
ance  of  but  F.  is  permitted.  Through  the  use  of 
Wilco  Thermometal,  (thermostatic  bi-metal)  this  ac¬ 
curacy  is  assured — and  rejects  reduced  to  a  minimum. 
And  just  as  Wilco  meets  these  exacting  requirements 
for  thermometals  to  provide  absolute  dependability  for 
temperature  control  —  or  reaction  from  temperature 
change — so  do  Wilco  Electrical  Contacts  assure  depend¬ 
able  service. 

Every  order  received  by  Wilco  is  personally  super¬ 
vised  by  one  of  our  principals.  You  can  count  on  your 
orders  being  shipped  as  specified.  IFrite  for  information! 


Experimental  Results 

Figure  2  shows  a  series  of  action 
potential  time  curves  taken  with 
unipolar  leads  from  a  set  of  points 
equally  distributed  over  the  length 
of  a  frog’s  gastrocnemius  muscle 
stimulated  through  its  motor  nerve. 
The  duration  of  any  one  of  these  ac¬ 
tion  potentials  is  about  14  millisec¬ 
onds.  The  largest  shown  does  not 
reach  a  peak  voltage  greater  than 
25  millivolts.  The  action  potentials 
were  amplified  by  a  d-c  amplifier 
and  impressed  on  a  3-inch  cathode 
ray  tube  with  a  blue,  short  persist¬ 
ence  screen  and  separate  deflecting 
plates.  Records  were  taken  with 
35  mm  Superpan  Supreme  film  and 
an  8.5  cm  f/1.8  lens. 

Figure  3  shows  three  sets  of 
records  taken  with  the  double  chan¬ 
nel  arrangement  using  two  d-c 
amplifiers,  two  cathode  ray  tubes, 
and  the  sweep  generator  and  stimu¬ 
lator.  Each  set  is  a  simultaneous  re¬ 
cording  of  the  action  potential  time 
curve  led  off  by  two  different  types 
of  electrodes  from  some  point  on  a 
frog’s  gastrocnemius  muscle  stimu¬ 
lated  through  its  motor  nerve.  'The 
upper  curve  in  each  case  is  the  elec¬ 
trical  record  obtained  from  unipolar 
leads  and  the  lower  is  the  corre¬ 
sponding  record  taken  with  differ¬ 
ential  leads.  The  lines  were  ruled  in 
later  for  time  comparison  purposes. 
Maximum  potential  difference  is  not 
greater  than  25  millivolts  in  any 
case  and  duration  is  about  14  milli¬ 
seconds. 


The  H.  A.W1LS0N  CO. 

105  CHESTNUT  ST.,  NEWARK,  N.  J, 

firancfiM;  Chicago  and  Detroit 
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Inbri-tact''  Rheostats 
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THE  INDUSTRY  IN  REVIEW 


News 


♦  An  Alfred  P.  Sloan  Foundation  Fel¬ 
lowship  for  a  year  of  advanced  study 
of  industrial  problems  at  Massachu¬ 
setts  Institute  of  Technology  has  been 
awarded  to  W.  Endres  Bahls.  One  of 
eleven  engineers  chosen  from  all  U.  S. 
industry  to  receive  this  honor,  Mr. 
Bahls,  who  is  in  charge  of  development 
and  design^  work  in  connection  with 
special  radio  tubes  at  the  Harrison, 
N.  J.,  laboratories  of  the  RCA  Manu¬ 
facturing  Co.,  will  spend  a  year  attend¬ 
ing  the  Business  and  Engineering 
Administration  School.  The  purpose  of 
the  Fellowship  is  to  permit  men  actively 
engaged  in  industry  to  study  subjects 
stressing  the  sociological  aspects  of 
modern  industry  .  .  .  The  Delta  Star 
Electric  Company  of  Chicago  is  now 
being  represented  in  Detroit  by  the 
Wise  Equipment  Company  located  in 
the  General  Motors  Building  .  .  .  Dr. 
Karl  B.  McEachron,  high  voltage  engi¬ 
neer  of  the  General  Electric  Company 
of  Pittsfield,  Mass.,  is  the  recipient  of 
an  honorary  degree  of  Doctor  of  Sci¬ 
ence  from  Purdue  University  .  .  .  Mem¬ 
bers  of  the  Theater  Sound  Standard¬ 
ization  Committee  of  the  Research 
Council  of  the  Academy  of  Motion 
Picture  Arts  and  Sciences  will  attend 
the  Pacific  Coast  Conference  of  Inde¬ 
pendent  Theater  Owners.  The  men  who 
will  attend  are:  John  K.  Hilliard 
(chairman),  John  Aalberg,  Lawrence 
Aicholtz,  Daniel  J.  Bloomberg,  J.  P. 
Corcoran,  Lloyd  Goldsmith,  Russel  O. 
Hanson,  Elmer  Raguse,  William 
Thayer,  and  S.  J.  Twining.  These  men 
will  be  available  for  consultation  on 
technical  problems  of  theater  and  sound 
projection. 

♦  Major  E.  H.  Armstrong  has  been 
awarded  the  Franklin  Medal  by  the 
Franklin  Institute  in  Philadelphia  .  .  . 
General  Electric’s  short-wave  stations, 
WGEA  (Schenectady),  and  KGEI 
(San  Francisco),  are  increasing  their 
power  to  50  kw.  WGEO  (Schenectady), 
another  G.E.  short-wave  station  is 
scheduled  to  go  into  operation  late  in 
August  at  100  kw.  .  .  .  The  American 
Network,  Inc.,  has  signed  its  first  con¬ 
tract  for  commercial  newscasting  on 
f-m  stations  with  the  Socony-Vacuum 
Oil  Company  .  .  .  The  Paragon  Electric 
Company  has  moved  its  manufactur¬ 
ing  facilities  to  Two  Rivers,  Wiscon¬ 
sin.  The  new  plant  will  be  twice  the 
size  of  the  former  plant  .  .  .  Several 
organization  changes  have  been  made 
at  the  Delta-Star  Company  of  Chicago, 
Ill.,  following  the  death  of  Elias  S. 
Cornell,  chief  Engineer.  R.  E.  Ander¬ 
son  is  now  Vice-President;  C.  S.  Beattie, 
Manager  of  Engineering;  W.  O.  Hamp¬ 
ton,  Chief  Design  Engineer;  S.  C.  Kil¬ 
lian,  Development  and  Research  Engi- 
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neer;  and  W.  H.  Boyce  is  now  Manager 
of  Industrial  Sales  .  .  .  Dr.  Karl  T. 
Compton,  president  of  the  Massachu¬ 
setts  Institute  of  Technology  has  been 
elected  to  membership  on  the  Advisory 
Council  of  the  National  Broadcasting 
Company.  This  group  guides  N.B.C.  in 
matters  of  public  policy  .  .  .  The  Alden 
Products  Company  has  moved  into 
larger  quarters  at  117  Main  Street  in 
Brockton,  Mass.  .  .  .  The  Rauland  Cor¬ 
poration  has  purchased  the  Sound 
Division  of  the  Webster-Chicago  Cor¬ 
poration.  The  new  trade  name  is  “Webs- 
ter-Rauland”  .  .  .  E.  1.  duPont  de 
Nemours  &  Co.,  is  building  a  new  neo¬ 
prene  synthetic  rubber  plant  at  Louis¬ 
ville,  Kentucky,  whose  capacity  will  be 
10,000  long  tons  a  year  .  .  . 

4-  The  only  high  voltage  surge  generator 
in  the  metropolitan  area  of  New  York 
City  has  been  constructed  at  New 
York  University’s  Collegre  of  Engineer¬ 
ing.  Capable  of  generating  350,000 
volts,  it  was  built  by  Ralph  Arming- 
ton,  a  graduate  student,  under  the 
supervision  of  Professor  Harold  Tor- 
gersen  of  the  electrical  engineering 
department,  .  .  The  56th  Annual  Volume 
of  the  Engineering  Index,  containing 
26,000  annotations  of  important 
articles  that  have  appeared  in  domestic 
and  foreign  technical  journals,  40,000 
cross-references  to  these  annotations, 
and  an  author  and  cor '■ributor’s  index 
of  about  19,000  names  is  now  ready  for 
delivery.  All  branches  of  engineering 
are  included,  and  the  price  is  $50.00 
per  copy.  .  .  NBC  is  constructing  two 
new  audience-type  studios  in  Radio, 
City.  The  latest  developments  in  acous¬ 
tical  research  and  broadcast  studio 
design  are  incorporated  in  their  design. 
Studio  A,  largest  of  the  NBC  Chicago 
audience  studios,  is  being  renovated 
this  summer.  .  .  Radio  Engineering 
Laboratories  Inc.  of  Long  Island  City 
are  being  represented  by  Norman  B. 
Neely  Enterprises,  420  Market  Street, 
San  Francisco,  Cal.  in  the  sale  of  f-m 
broadcasting  equipment  on  the  Pacific 
coast.  .  .  Emerson  Radio  and  Phono¬ 
graph  (Dorp.,  New  York  City  are  con¬ 
templating  a  reduction  of  over  90  per¬ 
cent  in  the  amount  of  aluminum  nor¬ 
mally  used  in  the  fabrication  of  its  radio 
receivers.  Their  enginee»s  have  found 
that  this  can  be  done  without  sacrific¬ 
ing  performance  or  efficiency.  .  .  James 
S.  Knowlson,  president  and  board  chair¬ 
man  of  Stewart- Warner  Corp.  has  been 
re-elected  president  of  the  Radio  Manu¬ 
facturers  Association.  .  .  Many  soldiers 
in  training  camps  are  corresponding  by 
means  of  phonograph  records  instead 
of  letters.  .  .  L’Tatro  Manufacturing 
Co.,  pioneer  in  the  32-volt  and  6-volt 
radio  fields,  was  recently  purchased  by 
Eckstein  Radio  and  Television  Co.  The 
offices  and  factory  have  been  moved  to 
Le  Roy,  Minnesota.  .  .  E..  H.  Alexander 
has  been  appointed  engineer  of  the 


Industrial  (Dontrol  Division  of  General 
Electric’s  Industrial  Department.  .  . 
Albert  Danziger  of  Danziger  Radio 
Labs,  who  was  a  pioneer  in  the  high 
fidelity  receiver  field  has  accepted  an 
engineering  position  in  the  Signal  corps. 

The  effectiveness  of  blackout  light¬ 
ing  was  recently  demonstrated  by  Gen¬ 
eral  Electric  engineers  at  Lynn,  Mass. 
Twelve  specially  designed  blackout 
luminaires  spaced  100  feet  apart  were 
lit  when  the  regular  4,000-candlepower 
street  lights  were  turned  off.  These 
luminaires  use  a  2J-watt  argon  lamp, 
and  the  light  they  gave  off  could  not 
be  seen  more  than  a  few  hundred  feet 
above  the  ground.  Objects  or  persons 
on  the  ground  were  visible  at  a  distance 
of  25  feet.  Since  the  argon  lamp  gives 
off  ultra-violet  rays,  fence  posts  cov¬ 
ered  with  fiuorescent  paint  glowed  when 
activated  by  the  rays,  indicating  a 
method  of  increasing  ground  visibility 
under  blackout  lighting  .  .  .  Dr.  Joseph 
Slepian,  associate  director  of  the  W’est- 
inghouse  Research  Laboratories  has 
been  elected  to  the  National  Academy 
of  Sciences.  His  research  at  W^esting- 
house  helped  make  possible  high-speed 
methods  of  extinguishing  electric  arcs, 
the  modern  lightning  arrestor  for  power 
lines,  and  the  ignitron  .  .  .  The  battle¬ 
ship  U.S.S.  North  Carolina  is  the  first 
to  have  an  electric  organ,  a  product  of 
the  Hammond  Instrument  Company,  as 
part  of  its  equipment.  The  U.  S.  War 
Department  has  contracted  with  this 
company  for  the  installation  of  555 
Hammond  electric  organs  in  all  the 
regimental  chapels  now  being  built 
throughout  the  country  .  .  .  Marshall 
H.  Ensor,  radio  amateur  of  Olathe, 
Kansas,  won  the  fourth  annual  William 
S.  Paley  Radio  Award  for  outstanding 
service  to  the  nation.  He  has  trained 
thousands  in  the  radio  code  and  radio 
fundamentals  during  the  last  ten  years. 
The  award  has  been  given  each  year 
since  1936  to  the  radio  amateur  in  the 
United  States  and  Canada  who  has 
contributed  most  usefully  to  the  Amer¬ 
ican  people  .  .  .  The  Ferrocart  Corpora¬ 
tion  of  America  announces  the  appoint¬ 
ment  of  George  H.  Timmings  as  man¬ 
ager  of  its  Chicago  Laboratory  .  .  . 
DuMont  engineers  have  installed 
twenty-four  fluorescent  lamps  in  their 
New  York  television  station  W2XWV 
to  replace  incandescent  lamps.  By 
mounting  the  new  lamps  in  horizontal 
rows  on  heavy  framework,  in  two 
banks,  placed  on  either  side  of  the  tele¬ 
vision  camera  facing  the  performers, 
objectionable  flicker  of  individual 
fluorescent  lamps  has  been  cancelled  out 
.  .  .  J.  Albert  Stobbe,  formerly  Gen¬ 
eral  Manager  of  Arcturus  Radio  Tube 
Co.,  is  now  engaged  in  practice  as 
attorney  and  consultant  for  industrial, 
communications,  electronic  and  man¬ 
agement  matters.  His  office  is  located 
at  63  Wall  St.,  New  York  (Dity. 
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Literature 


Standards.  Two  emergency  defense 
standards,  developed  upon  request  of 
the  War  Department  to  help  speed  up 
production  and  inspection  of  products 
have  been  announced  by  the  American 
Standards  Association,  29  West  39th 
Street,  New  York  City.  They  are 
called  Guide  for  Quality  Control 
(Zl. 1-1941)  and  Control  Chart  Method 
of  Analyzing  Data  (Zl.2-1941).  The 
two  standards  have  been  published  to¬ 
gether  in  a  single  pamphlet  which  costs 
$0.75  per  copy. 


Plastics.  The  Plastics  Department  of 
the  General  Electric  Co.  of  Pittsfield, 
Mass.,  has  issued  a  folder  called  “The 
Change  to  Plastics”.  Twelve  case  his¬ 
tories  in  which  plastics  have  been  used 
to  make  items  formerly  made  of  other 
materials  are  cited. 


Evary  alactrical  anginaar  should  hova 
this  raody  raiaranca  bullatin  of  Spaci- 
fication  Tronsionnars.  It  is  iatandad 
to  simplify  your  dasign  work.  It  is 
informotlTa  and  complata.  Writs  for 
copy  of  Spacification  Transformar  Bul¬ 
latin  15S  to-day. 

P.  S.  If  you'vs  a  spacial-dasign  trans- 
formar  problsm.  don't  waste  tima— 
call  on  Acma  transformer  anginaar 
and  let  transformer  specialists  assist 
you  in  building  batter  equipment. 


A  highly  stable  amplifier 
giving  gains  of  exactly  10 
and  100  times.  Operated 
by  self-contained  batteries. 
Through  the  use  of  special 
circuits  the  gain  is  inde¬ 
pendent  of  battery  voltage, 
circuit  constants  and  tubes 
within  2%  from  10  to 
100,000  cycles.  Particularly 
useful  with  our  Model  300 
Electronic  Voltmeter  to 
increase  its  sensitivity, 
permitting  voltage  meas¬ 
urements  down  to  30  micro¬ 
volts.  Send  for  Bulletin  7. 


Manual.  Complete  specifications,  de¬ 
scriptions.  and  price  information  on 
radio  communicating  svstems  are 
given  in  a  manual  published  by  Air 
Associates,  Inc.,  Bendix.  N.  J,  The 
publication  is  availabl®  without  charge 
to  manufacturers  affiliated  with  the 
airplane  industry,  recognized  airport 
operators,  and  government  department 
heads. 


Tke  ACME  ELECTRIC  &  MFC.  CO 

31  WATfR  ST.  CUtA,  N.  Y 


Insulating  Materials.  The  complete 
line  of  General  Electric  insulating  ma¬ 
terials  is  covered  in  the  new  1941  cata¬ 
logue.  Copies  may  be  had  by  writing 
to  the  Appliance  and  Merchandise 
Department,  Bridgeport,  Conn. 


NO  ENGINEER 


Alloy  Manual.  A  new  handbook  on 
molybdenum  and  tungsten  products 
manufactured  by  American  Electro 
Metal  Corn.,  300  Yonkers  Ave..  Yon¬ 
kers,  N.  Y.  is  now  available.  It  con¬ 
tains  valuable  information  for  engi¬ 
neers  in  the  form  of  technical  data  on 
the  chemical,  physical,  and  electrical 
properties  of  molybdenum,  tungsten, 
and  other  alloys. 


SENSITIVE  ELECTRONIC 
AC  VOLTMETER 


MODEL  300 


whose  work  takes  him  into 
the  field  of  sensitive  elec¬ 
trical  devices  can  say— to¬ 
day — that  he  is  thoroughly 
grounded  unless  he  “knows 
his  electronics.” 

Because  electronic  cir¬ 
cuits  more  and  more  are 
getting  into  industrial 
work  as  an  automatic 
hand,  an  automatic  eye,  a 
new  means  of  generating 
heat,  etc.,  etc.,  they  have 
become  the  background  for 
a  new  cycle  of  industrial 
progress. 

Are  you  trying  to 
get  along  without 
ELECTRONICS?  Better 
subscribe  today! 


Fadio  Products  Catalogue.  The  J.  W. 
Miller  Co.,  5917  South  Main  Street, 
Los  Angeles,  Cal.  has  just  issued  gen¬ 
eral  cataloo'ue  No.  42  covering  its  line 
of  radio  coils  and  allied  products.  In¬ 
cluded  are  several  circuit  diagrams  and 
a  price  list. 


Lathes.  A  catalogue  covering  28  South 
Bend  9-inch  lathes  has  recently  been 
issued  by  the  manufacturer.  Copies 
of  this  book.  No.  50-B  mav  be  had  from 
South  Bend  Lathe  Works,  398  East 
Madison  Street.  South  Bend,  Indiana. 


10  to  150,000  cycles. 

1  millivolt  to  100  volts  in  five 
ranges  (to  1,000  and  10,000 
volts  with  multipliers). 

Logarithmic  voltage  scale. 

AC  operation,  115  volts,  60 
cycles. 

Accurate  and  stable  cal¬ 
ibration. 


Electric  Motor  Controls.  A  new  cata¬ 
logue  describing  the  complete  line  of 
electric  motor  controls  made  by  the 
Square  D  Co.  has  just  been  published. 
It  is  made  up  in  loose-leaf  form  so  that 
additional  sheets  may  be  inserted  as 
they  are  issued.  Copies  may  be  obtained 
by  writing  to  the  Square  D  Co.,  Indus¬ 
trial  Controller  Division,  4041  N. 
Richards  Street,  Milwaukee,  Wisconsin. 


Ballantine  Laboratories,  I 


BOONTON 


NEW  JERSEY 


August  1941  —  ELECTRONICS 


"Mangrid" 

GRID  WIRE 
Cco*iamti  uuiU  2.ucdihf. 


WILBUR  B.  DRIVER  CO 

NEWARK,  NEW  JERSEY 


Infltrument  Catalogues.  Products  of 
Weston  Electrical  Instrument  Corp., 
are  covered  in  four  new  bulletins. 
Catalogue  T-ll-C  describes  Weston 
temperature  gauges;  No.  B-19-A  covers 
relays  and  photronic  equipment;  No. 
R-9-B  shows  the  new  panel  instru¬ 
ments;  and  No.  R-24-A  deals  with 
Weston  test  instruments. 


mmm 


S.  S.  WHITE 
FLEXIBLE 
SHAFTS 


Fuse  Catalogue.  Fuses,  including  air¬ 
craft  antivibration,  high  voltage,  in¬ 
strument,  radio,  video,  and  vacuum 
types  are  listed  in  catalogue  No.  8  of 
Littlefuse  Inc.,  4757  Ravenswood  Ave., 
Chicago,  Ill. 


I  applications  listed  at  the  right 

and  left  for  these  excellent  rea¬ 
sons: 

1.  Outstanding  quality  and  per¬ 
formance. 

2.  Proven  reliability. 

3.  Wide  selection  of  types  and 
sizes. 

4.  Ready  way  in  which  they  satisfy 
Army,  Navy,  and  S.A.E.  Specs. 

5.  Dependability  of  S.  S.  WHITE 
as  a  source  of  supply. 

WRITI  FOR  THESE  RULLETINS 

BULLETIN  B3T  Flexible  Shaft  Combi¬ 
nations  for  Aircraft. 

BULLETIN  123B  Flexible  Shafts  for 
Power  Drives.  ^ 

BULLETIN  3B  Flexible  Shafts  for  Re¬ 
mote  Control. 

ENGINEERING  COOPERATION  on 
Power  Drive  and  Remote  Control 
problems  freely  given.  Write  us. 


POWER  DRIVE 

Taximeters 
Truck  Recorders 
Windshield  Wipers 
Speedometers 
Service  Car  Crane 
Portable  Tools 
Automatic  Carburetor 
Convertible  Top  Mech¬ 
anisms 


POWER  DRIVE 

Engina  Tachometers 
Fuel  Pumps 

Controllable  Pitch  Pro¬ 
peller  Governor 
Ammunition  Rounds 
Counter 

Windshield  Wipers 
Cowl  Flap  Mechanism 


Aluminum  Information.  A  series  of 
articles  called  “The  Cold  Working  of 
Aluminum”  which  originally  appeared 
in  American  Machinist  have  been  com¬ 
piled  into  a  booklet  entitled  “Forming 
Aluminum”  by  the  Aluminum  Com¬ 
pany  of  America,  Pittsburgh,  Pa. 
Some  of  the  items  covered  are:  avail¬ 
able  alloys,  blanking,  piercing,  drawn 
shapes,  spun  .shapes,  shape  forming, 
embossing,  coining,  and  stamping. 

Welding  Machine  Bulletin.  The  Taylor- 
Winfield  Hi-Wave  welding  machine 
which  uses  a  stored  energy  welding 
process  is  briefly  described  in  bulletin 
1405  of  the  Taylor-Winfield  Corp., 
Warren,  Ohio. 


REMOTE  CONTROL 

Auto  Radios — panal  and 
undarsaat 
Radio  Antannas 
Clock  Sotting 
Trip  Milaaga  Rasot 
Choka  and  Naadia  Valva 
Engina  Govarnor 
Soarch  Light 
Gaar  Shift 
Haators 

Air  Conditioning 


REMOTE  CONTROL 

Radio  Racoivors 
Baacon  Racaivars 
Compass  Loop 
Antanna  Loop 
Antanna  Raol 
Haating  Rogistar 
Tab  Control 
Turn  Bank  Indicator 


Condensers.  The  Solar  Mfg.  Corp.,  Bay¬ 
onne,  N.  J.,  has  issued  catalogue  No. 
11  which  covers  its  line  of  condensers. 
A  folder  entitled  “Defense  and  You” 
listing  recommended  condenser  types 
which  will  be  readily  available  may  be 
had  with  the  catalogue  if  desired. 


Tha  S.  S.  Whit#  Dantcd  Miq.  Co. 


Paportmaot  E,  10  East  40th  St.,  Naw  York,  N.  Y. 


Tube  Data.  Technical  features  of  128 
new  types  of  tubes  have  Iteen  added  to 
the  new  edition  of  the  Ken-Rad  Essen¬ 
tial  Characteristics  booklet  which  may 
be  secured  from  Ken-Rad  Tube  and 
Lamp  Corp.,  Owensboro,  Ky. 

House  Organ.  A  method  of  checking 
T-f  power  and  tuning  to  peak  efficiency 
using  dummy  antenna  resistors  is  de¬ 
scribed  in  bulletin  lllB  of  the  Ohmite 
Manufacturing  Co.,  4835  Flournoy 
Street,  Chicago,  Ill, 


Nun-Metallic  Materials.  “What  Ma¬ 
terial?”  is  the  title  of  a  new  folder 
issued  by  the  Continental  Diamond 
Fibre  Co.,  Newark,  Delaware.  It  de¬ 
scribes  the  applications  of  various 
kinds  of  non-metallic  materials  such 
as  dilecto,  diamond  vulcanized  fibre, 
micabond,  celoron,  and  vulcoid  which 
are  made  by  the  company.  A  large 
wall  chart  designed  to  help  engineers 
select  the  proper  type  of  material  for 
a  specific  job  is  also  available  on  re¬ 
quest. 


RESISTORS  are  "  little  things  ”,  but  they 
can  cause  a  tleluge  of  errors,  xlelays  and 
actual  cash  loss. 


^  Instrument  Resistors,  Inc.,  can  supply  you 

with  wire  wound  resistors  of  closer  tolerances,  more  rapidly  and 
at  less  exitense  than  they  can  he  pr<Mlucc<l  in  your  «>wn  plant. 

#  If  e  take  the  '’resintance'  out  of  resistor  problems.  • 

Catalog  u|Mm  request. 


Bulletin.  Aircraft  voltmeters  and  am¬ 
meters  are  described  in  bulletin  43-347 
issued  by  Dept.  7-N-20,  Westinghouse 
Electric  and  Manufacturing  Co.,  East 
Pittsburgh,  Pa.  The  instruments  men¬ 
tioned  are  designed  and  rated  in  full 
accordance  with  government  and  com¬ 
mercial  specifications. 


ELECTRONICS 


It  features:  1.  Moving  coil  micro-  Electrical  RcSCatch  Productg  fttC. 


TAYLOR  FIBRE  COMPANY 

Nerrittown,  Pennsylvania 


New  Products 

Receiving  Station 

The  RSC-1,  a  complete  radio  receiving 
station  is  the  latest  addition  to  the 
Hallicrafter  (Chicago,  Ill.),  line  of  re¬ 
ceivers.  The  unit  tunes  continuously 


MANBMT  MAGNirS 

All  SHAPES  — All  SIZES 
FOR  All  PURPOSES 
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City.  Each  rheostat  may  be  varied  sepa¬ 
rately  if  desired.  These  rheostats  are 
for  switchboard  or  table  mounting. 
They  are  equipped  with  a  dial  having 
an  angle  of  rotation  of  330  degrees 
showing  the  position  of  the  slider. 


THOMAS  &  SKINNER 

STEEL  PRODUCTS  COMPANY 

IIU  E.  23rd  STREET  INDIANAPOLIS,  INDIANA 

Laminations  for  Radio  Transformers  — •  Tools 
Dies  —  Heat  Treating  —  Stampings 


Stamped,  Formed,  and  Cast;  Chrome,  Tung¬ 
sten  Cobalt  and  ALNICO**  (cast  or  sin¬ 
tered)  under  G.  E.  license. 


You  asked  lor  it: 


The  RA-330  Sound  Level  Meter 
has  all  the  features  needed 
to  meet  your  performance 
requirements. 


tion  check,  4.  Simplified  controls, 
5.  Compactness,  6.  Economy. 

Write  for  bulletin  giving  full 
details. 


phone,  2.  r  eedback  stablized  am¬ 
plifier,  3.  Self-contained  calibra- 


76  Varick  Street,  New  York,  N.  Y. 

A  Subtidiory  of 

Hisrem  ElecMc  Company 


0%  ▼0I.AM 

Yukon 

SMUTS,  I 


TAYLOR^ 

LAMINATED  PLASTICS 

Vulcanized  Fibre  *  Phenol  Fibre 


SHEETS,  RODS,  TUIES,  FAIRICATED  PARTS 


from  1.8  to  2730  meters  (110  kc  to 
165  Me).  A  monitoring  speaker  con¬ 
nects  to  any  one  of  the  three  units 
though  separate  speakers  may  be  con¬ 
nected  if  desired. 


Rotary  Drive  Rheostat 

The  Triplex  Rotary  Drive  Rheostat, 
in  which  the  resistances  of  three  rheo¬ 
stats  are  simultaneously  varied,  is  be¬ 
ing  marketed  by  the  Rex  Rheostat  Com¬ 
pany,  37  West  20th  Street,  New  York 


TYK  REA 

Potential  tjrpe. 
Coil  posi  tion, 
residual  gap, 
spring  tension 
and  contact  po> 
sitions  are  all 
adjustable.  Can 
be  adjusted  to 
operate  at  low 
differential  volt* 
ages.  Armature 
is  pivoted  on 
cone  pointed 
hardened  bear* 
ings. 


i  The  AUTOCALL  Co 


\ame  . 
Addreu 


FREE 


Mobile  Sound  System 


Illuminated  sloping  control  panel, 
stand-by  switch  to  conserve  power,  a 
jack  for  headphone  monitoring,  30 
watts  of  power  output,  and  a  speaker 
selector  switch  to  permit  adding  or 
dropping  speakers  without  affecting 
the  tone  quality  are  among  the  fea¬ 
tures  of  the  new  Knight  mobile  sound 
system  currently  featured  by  the  Allied 
Radio  Corporation,  833  W.  Jackson 
Blvd.,  Chicago.  The  equipment,  which 
includes  a  30-watt  amplifier  with  a 
phonograph  turntable,  two  12-inch 
dynamic  speakers  with  30-foot  cables. 


PfV 


m 


a  dynamic  microphone  with  a  25-foot 
cable,  and  a  collapsible  floor  stand,  is 
housed  in  two  portable  cases.  The 
amplifier,  which  may  be  operated  from 
a  Owolt  storage  battery  or  the  110- 
volt  a-c  line  has  four  input  channels; 
two  for  high  impedance  microphones 
with  individual  volume  controls,  and 
two  for  phono  on  a  single  fader  con¬ 
trol.  The  output  impedance  may  be 
varied  to  2,  4,  6,  8,  250,  and  500  ohms 
by  means  of  a  selector  switch.  The  gain, 
on  the  microphone,  is  135  db  and  on 
phono,  80  db.  Hum  is  60  db  below  rated 
output.  Eight  tubes  are  used:  two 
6SJ7’s,  one  6SA7,  one  6SC7,  two  6L6G’s, 
and  two  6X5G’s. 


CARBONYL 

IRON 

POWDER 


w. 


are  now  suppl3ang 


numerous  iron  core 
manufacturers  with 
G.A.W.  CARBONYL  IRON 
POWDER,  ir  This  remark¬ 
able  iron  product,  with 
each  individual  particle  a 
true  spheroid  averaging 
four  microns,  yields 
performance  warranting 
your  early  investigation. 

FOR  INFORMATION 
ADDRESS 

THE  MANUFACTURER 

GENERAL 
ANILINE  WORKS 

435  Hudson  Street,  N.Y.C. 
OR  THE  DISTRIBUTOR 

ADVANCE  SOLVENTS. 
&  CHEMICAL 
CORPORATION 

245  Fifth  Avenue,  N.  Y.  C. 


Three  low  speed,  1200  rpm,  a-c  plants 
have  been  added  to  the  line  of  Kato- 
light  Plants  manufactured  by  Kato 
Engineering  Co.,  Mankato,  Minn.  The 
new  sizes  will  deliver  5,  7.5,  and  10  kw, 
and  are  available  with  two  or  three 
wire  service,  or  three  phase,  all  at  60 
cps.  The  prime  movers  are  LeRoi, 
4-cylinder,  4-cycle  watercooled  engines. 
The  engine  and  generator  assembly  is 
mounted  on  rubber  which  permits  in¬ 
stallation  of  plant  without  bolting 
down  on  foundation.  Voltage  regula¬ 
tion  ranges  from  6  to  8  percent.  The 
generators  are  filtered,  and  ignition 
systems  are  shielded  for  radio  opera-  ' 
tion. 


A-C  Power  Plants 


COILS 


Elsctrical 


Windingi 


COMPETENT  and  axpariancad  or¬ 
ganization  davoted  to  tha  dasign  and 
manufactura  of  coil  windings. 

Papar  intarlayar  factions — form  wound 
and  bobbin  wound  coils. 

Equippod  for  prompt  production 
on  quantity  or  small  ardors. 

REPRESENTATIVES 

W.  A.  JORDAN  PARAGON  SALES  CO. 

ZN  MaUlMn  A«a.,  (C.  H.  Frykuri) 

N*w  Yark.  N.  Y.  402  Charry  St.. 

PklUdatahCa,  Pa. 

8ILBERT  6ISLAS0N  A.  J.  LOEB  SALES  CO. 


•2  St.  Paul  St.. 
Raihaatar.  N.  Y. 


laaa  Eaclld  Ava.. 
Clavaland.  Ohta 


MAGNETIC  WINDINGS  COMPANY 

•Ixtaantn  aad  Batlar  Straati  EASTON.  PENNA. 


RELAYS... 

^  all  types  for 
j  all  purposes 

Autocall  Relays  are  the  acknowl* 

i  edged  ’’Standard  of  Comparison” 
because  of  superior  engineering, 
designing  and  manufacture.  Many 
1  types  and  sizes  are  carried  in  stock — 
4  others  are  made  to  customer’s  own 
r  specifications. 


IHELRT,  OHIO 


autocall  W**’****^ 

Shalby.  Ohio  ,  „ 

Without  “MlgaUom 

on  slKnalllnx. 
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plates  used  are  of  heavy  construction, 
specially  designed  to  withstand  cycling 
service  and  overcharging.  The  cost  is 
about  that  of  two  sets  of  batteries  for 
the  old  type  of  portable  receiver. 

Smoke  Control  Robots 

Two  PHOTOELECTRIC  smoke  indication 
and  elimination  control  robots  for  oper¬ 
ation  on  115  volts,  a.c.,  or  d.c.  have 
been  put  on  the  market  by  Rehtron 
Corp.,  2159  Magnolia  Avenue,  Chicago, 
Ill.  Model  SC-301,  the  indicator-signal 
type,  has  an  illuminated  density  meter 
which  continuously  indicates  smoke 
density  in  breeching  or  stack  and  pro¬ 
vides  for  a  bell  or  light  signal  when 
the  smoke  exceeds  the  maximum  allow¬ 
able  density.  The  robot  and  light 
projector  list  for  $40.00.  Model  SC-302 
incorporates  all  the  features  of  model 
SC-301  plus  full  automatic  control  for 
magnetic ’solenoid  valve  or  blower  mo¬ 
tor  supplying  steam  or  air  to  over-fire 
jets.  Adjustable  time-delay  on  load 
circuit  insures  correct  amount  of  steam 
or  air  to  mix  with  unburned  gases  and 
supply  oxygen  deficiency  which  causes 
smoke  to  burn  in  the  firebox.  This 
robot  and  light  projector  list  at  $65.00. 


★  Wrife  for  DATA... 


In  aircraft  plants,  engine  shops,  powder 
works,  ballistic  laboratories,  radio  and 
electrical  factories  —  yes.  in  virtually 
every  industry  engaged  in  our  National 
Defense  activities,  you  will  find  the 
DuMont  Type  208  Oscillograph  at  work, 
checking  up  on  vital  data. 


lUustrcrted  bulletin  on  this  inslrumenl  U 
yours  for  the  asking.  Also  data  on  other 
DuMont  oseillogrophs.  electronic  switch, 
cothode-roy  tubes  and  associated  oguipment. 
Your  cothode-roy  and  oscillograph  prob¬ 
lems  are  invited. 


ALUM  B.  DU  MONT 
LABORATORIES,  Inc 

Pattoto  ★  M*w  Jersey 


introduced  a  year  and  a  half  ago,  thU 
oscillograph  with  its  many  new  and  at¬ 
tractive  features  has  proved  a  most  popu¬ 
lar  instrument  Priced  right  it  has  come 
within  reach  of  all  serious  techniciaiu. 
Meanwhile  on  adequate  production  oi 
this  fine  instrument  has  kept  pace  with 
the  widespread  and  growing  demand. 


FOR 

BETTER 

PERFORMANCE 


Storage  Battery 

A  NEW  TYPE  OP  STORAGE  BATTERY  for 
use  in  portable  sets  is  being  sold  by 
the  Willard  Storage  Battery  Company, 
241  E.  131st  St.,  Cleveland,  Ohio.  This 
battery  is  4  inches  long,  3  inches  wide, 
and  5i  inches  high.  The  case  is  made 
of  a  strong,  acid-proof  transparent 
plastic.  A  spill-proof  cover  is  provided 
to  prevent  loss  of  electrolyte.  This 
makes  it  possible  to  operate  a  receiver 
in  a  tilted  position,  on  its  side,  or  even 
upside  down.  A  charge  indicator  is 
built  into  the  battery.  A  g^'een  ball 
sinks  when  the  battery  is  10  per  cent 
discharged,  a  white  ball  when  50  per 
cent  discharged,  and  the  red  ball  when 
completely  discharged.  The  balls  float 
as  the  battery  takes  charge.  A  new 
type  of  electrolyte-retaining  insulation 
soaks  up  the  electrolyte  like  a  sponge, 
keeps  the  solution  in  contact  with  the 
plates,  and  greatly  reduces  the  quan¬ 
tity  of  free  solution  required.  The 


USE  CETRON 

ELECTRONIC  TUBES 


*rhetehib*s 

*M«rcary  Vapor  Roetifiort 
*High  Veltago  Ditekargo  Taboa 
*Ultra-Vialat  Lamps 
*Higb  Vacaam  Gaagot 
*Spocial  Lamps  aod  Tabos 


Write  Today  for  Data 


CONTINENTAL 

Electric  company 


Morchaadise  Mart 
Chicago.  III. 


Plaat: 

Gonova,  III. 


1 


Your  TEXTBOOK  on 


by 

GUARDIAN 


BUD  RADIO,  INC 


CLEVELAND,  OHIO 


Television  Equipment  in  Units 

Television  pickup  equipment  is  now 
being  built  in  individual  units  which 
connect  and  work  together  to  form  a 
chain  for  given  video  broadcasting  re¬ 
quirements  by  Allen  B.  DuMont  Labs., 
Inc.,  2  Main  Avenue,  Passaic,  N.  J. 
This  makes  it  possible  to  obtain  just 
the  units  required  for  certain  video 
program  work,  while  the  flexibility  of 


the  chain  permits  addition  or  substi¬ 
tution  of  units  as  changing  conditions 


Design  Engineers  and  Purchasing  Agents: 

-At  Cem|»l«t*  your  fllos  with  this  now  froo  manual — "Ralays  by 
Guardian**  showing  tho  lorgast  lino  solving  Amorican  industry. 
Strictly  informotivo  . . .  H  paints  tho  way  to  apply  tho  maximum 
dogroo  of  Eloctrical  Control  in  a  minimum  amount  of  spoco  . . . 
thoroby  oliminating  costly  priority  matoriais,  machine  time, 
man-hours. 


44  PAGES  Devoted  Entirely  to  RELAYS 


Each  illustrcrtion  clooriy  depicts  tho  compact  design  and  easy 
mounting  of  controls  by  Guardian.  Each  carries  complete  data  on 
contacts — coils — construction — mounting — specific  applications. 

*7,146  StSndird  Control  Ports — Ves  . . .  mere  then  *7,146  ttendard  pertt 
ere  available  le  meke  up  any  cembinotien  ef  cenirelt  shewn  in  the 
Guardian  Book.  These  represent  Iheusands  ef  design  and  tooling  hours 
elreody  spent . . .  give  you  a  big  heoil-slart  unebteinoble  elsewhere. 

NO  COST  Get  yeur  new  Guardian  Book  postpaid  by  return  moil.  Your 
copy  is  wailing.  Send  for  H  today.  Write 


Series  BK — 16  Rtlay.  Built  to 
minimum  tolerances  and  the 
most  exacting  requirements  in 
production  quantities  for  the 
U.  S.  Signal  Corps. 

*liiv»i>lorY  Covet  Joe.  1,  1941 


may  dictate.  Part  of  a  typical  group 
of  units  is  shown  in  the  illustration. 
It  is  a  dual  camera  chain  which  is  made 
up  of  two  cameras,  each  with  its  power 
supply,  electronic  view  finder,  and  view 
finder  units,  working  in  conjunction 
with  their  individual  camera  control 


1625  West  Walnut  Street 


Chicago,  Illinois 


LARGEST  LINE  OF  RELAYS  SERVING  AMERICAN  INDUSTRY 


Melal  Shielded  Wire 


This  new  product  consists  of  shield¬ 
ing  any  type  of  insulated  wire  or  wires 
with  either  seamless  aluminum  or  cop¬ 
per  tubing,  tinned  or  untinned.  This 
affords  protection  against  moisture, 
corrosion,  mechanical  damage,  and 


AIR-WOUND 

COILS 


For  efficient  performance  and  rugged  construction, 
specify  BUD  "Air-Wound"  Coils  for  your  circuits.  They 
are  made  in  a  variety  of  stock  sizes  or  to  your  exact 
specifications.  For  prompt  quotations,  send  blue-prints 
or  detailed  description  of  your  requirements. 

Write  lor  your  copy  of  the  Wo.  241  BUD  Catalog. 


fire  hazards.  Metal  shielded  wire  is 
manufactured  by  Precision  Tube  Co., 
3824  Terrace  Street,  Philadelphia,  Pa. 
It  is  available  in  lengths  up  to  50  feet, 
and  comes  in  a  variety  of  sizes  from 
a  single  conductor  with  an  outside 
diameter  of  0.018  inch  to  multi-cable 
types  of  one  inch  outside  diameter. 


KI.KCTROINICS 


Manufacturers  SPECIFY  "PRECISION" 

INDUSTRIAL  AND  LABORATORY  TESTERS 


UHF  Tubes 


The  RCA  Manufacturing  Co.,  Har¬ 
rison,  N.  J.  are  making  available  a  new 
series  of  vacuum  tubes  desig^ied  for 
ultrahigh  frequency  use.  RCA-9001  is 
a  sharp  cut-off  pentode  intended  for 
use  as  an  r-f  amplifier.  RCA-9002  is 


"THE  extensive  range  of  types  and  sizes 
available  only  at  Ohmite,  plus  the 
ability  to  produce  special  units  for 
unusual  applications,  assure  you  of  get¬ 
ting  exactly  the  right  resistor,  rheostat 
or  tap  switch  for  your  needs.  Resistors 
from  1  to  1000  watts;  fixed,  adjustable 
or  tapped;  regular,  precision  or  non- 
inductive.  Rheostats  in  ten  wattage  sizes 
from  25  to  1000  watts.  Tap  Switches 
in  10,  15,  25,  50  and  100  amperes,  A.C. 

Write  on  company  letterhead  for  your 
copy  of  Ohmite  Industrial  Catalog  and 
Manual  No.  40 


a  triode  which  has  two  cathode  and 
two  plate  leads.  It  has  a  moderately 
high  amplification  factor,  and  is  useful 
as  a  det^tor,  amplifier,  and  oscillator. 
RCA-9003  is  a  remote  cut-off  pentode 
designed  for  mixer  and  i-f  or  r-f  ampli¬ 
fier  applications.  These  midget  tubes 
are  of  single-ended  design,  and  have 
two  cathode  leads  which  permit  com¬ 
pletion  of  the  plate  and  screen  r-f  cir¬ 
cuits  with  minimum  circuit  inductance. 
This  makes  possible  increased  gain  at 
ultrahigh  frequencies. 


OHMITE  MANUFACTURINO  COMPANY 
4017  Flourney  StrMt  Ckicaqo,  U.  S.  A. 


Aircraft  Communication  Units 

The  Jefferson-Travis  Radio  Mfg. 
CoRP.,  380  Second  Ave,,  New  York,  is 
introducing  a  new  line  of  aircraft  com¬ 
munication  equipment.  Among  the 
models  featured  is  model  TR-5,  a  two 
way  communication  unit.  The  crystal 
controlled  transmitter  has  a  range  of 
2.8  to  6.5  Me,  and  a  power  output  of 
5  watts  with  100  per  cent  voice  modula¬ 
tion.  The  transmitter  is  housed  in  a 
small  cabinet  which  can  be  mounted  on 


NEW  SERIES  834 


31  RANGE  AC-DC 

COMPACT  CIRCUIT  TESTER 

•  70  DB  6  AC — 6  DC — 6  output  Tolt- 

ago  rongos  to  6000  Toitt  •  4  curront  rongM  to  600  MA  •  3  soU- 
containod  rooistonce  rongoa  to  5  moga  •  6  DB  remgoa  to  -f70  DB 
•  All  1%  multipliora  ond  wiro  wound  bobbina  •  SUo  7"  x  4V^" 

X  3"  oToroll.  An  ineomparoble  volne  at  only  $19.95  net 


Series  844J — All-Purpose  AC-DC  INDUSTRIAL 
CIRCUIT  TESTER 


Com- 

bitting  the  well-knovra  PRECI- 
range 

AC-DC  rolt-obm-dttcibel-milliam- 

_ n  meter-ammeter  and  the  %iew  I  1  I 

*2^*  Series  (8  range  AC  Am-  : 

meter)  in  one  compact  portable  . 

•  s  AC  and  6  DC  Toltage  rangea  ‘ 

Tolta  at  ohma/Tolt.  BJHBjjBB; 

O  6  DC  current  rangea  Irom  ' 

B^WHHEDp^  0  to  to  0-12  AMPERES.  OMipMliHIliHiMIPMMBM**' 

iMBnmTniW"  -  '  •  4  internally  powered  reaiat- 

■■■■■■■■■nHHi  once  rongea  to  10  MEGOHMS,  e  6  DB  rangea  irom  — 12  to  70  DB. 
e  6  output  rangea  to  6000  Tolta.  •  8  AC  Ammeter  rangea  irom  0-300  MA  to  0-60  AMPERES. 
Seriea  844-J  (illuatrated)  in  hardwood  portable  caae  with  dual  tool  comportment  and  removable 

hinged  cover — complete  with  hatteriea  and  extra  high  voltage  teat  leada.  Nat  Price . S48.95 

WRITE  FOR  "PRECISION"  CATALOG  42-E  deacribing  more  than  40  rodio  and  electrical  teat 
equipment  modela  .  .  .  Tuhe  Teatera,  Combination  Tube  and  Set  Teatera,  AC-DC  Multi-range 
Teatera.  Vacuum  Tube  Multi-Range  Teatera,  Signal  Generotora,  Induatrial  Circuit  Teatera,  etc. 


the  panel  of  the  plane.  The  receiver 
covers  the  200  to  400  kc  band,  and  is 
in  a  case  matching  that  of  the  trans¬ 
mitter.  A  vibrapack,  or  a  dynamotor 
power  supply  may  be  had  with  the 
Model  TR-5.  Another  unit  in  this  line 
is  the  Model  PR-5,  a  portable  receiver 
whose  range  is  200  to  400  kc,  with  a 
marking  on  the  dial  for  the  control 
tower  frequency  of  287  kc.  The  bat¬ 
teries  and  the  receiver  are  mounted  in 
a  fabric  covered  case,  and  the  total 
weight  of  the  equipment  is  less  than 
10  lbs. 


PRECISION  APPARATUS  COMPANY  •  647  KENT  AVENUE  •  BROOKLYN.  N.  Y. 
Expert  Division:  45i  Broadway,  New  York  City,  U.S.A.  Cable  Address:  Merhanex 
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PATCH  CORDS- 
JACK  PANELS 
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PATCH  CORDS  — PLUGS 


Thaa*  corda  and  pluqa  ara  built  to  taka 
abuaa.  Cords  ora  haary,  raaniorcad  at 
aads.  Uniqua  construction  oi  pluqa  not 
only  makaa  cords  aasUy  raplacaobla,  but 
proTidas  for  tha  rugqadnass  which  is  so 
nacasBory.  Thay  will  fit  any  standard 
lack  panels.  Standard  color,  black. 


Cord  Laaqth 

1  ft. 

2  ft. 

3  ft. 


Prica 

List  $S.40  a*. 
List  S.SO  a«. 
List  S.SS  a«. 


Cord  Lesqtk 
S  ft. 

10  ft. 
Plaq  only 


Prica 

List  $4.00  aa. 
List  *.7S  a«. 
List  2.25  ao. 


PANELS 


AUDIO  DEVELOPMENT  CO. 


and  2300  volts  with  115  volts  output 
on  60-cps  lines.  The  accuracy  is  plus 
or  minus  ^  per  cent  both  on  ratio  and 
phase  angle  up  to  200  pfer  cent  of  rated 
value.  All  terminals  are  of  polished 
nickel,  and  terminal  markings  and 
polarities  are  clearly  marked.  The 
device  is  housed  in  an  aluminum  case 
designed  to  withstand  wear  and  to 
insure  lightness  for  portability. 


Thnsn  ponsls  horn  standard  lack  spacing  for  us*  with  any  doubls  plug.  Mounting  holss 
fit  all  standard  lacks.  Pairs  or#  so  spacsd  that  plug  cannot  bs  inssrtsd  incorrsctly. 
Ponsls  ars  oi  solid  laminatsd  Phsnolic.  Siottsd  bracksts  for  mounting.  Fit  standard 
19"  rslay  rack.  Improrsd  dssignotion  strip  includsd.  Pansl  width:  doubls  row  (48  lacks) 
2Vs":  Singls  row  (24  lacks)  1%". 

PJ-31,  os  lllssfpotsd— $5.45  PJ-33,  singls  row— $4.75 

PJ-31  passi  wHh  48  PJ>118  locks  (normal  contact)  asssmbisd — $29.20 
REPRESENTATIVES 

NEW  YORK  CITY . Bruce  0.  Burllnssnie.  69  MMlTSy  St^t 

HOLLYWOOD.  CALIFORNIA . Normsn  B.  Neely.  Sm  Hpllywood  Blvd. 

DALLAS  TEXAS . Edward  F.  Aymond  Co.,  3750  Urhsn  Avenue 

CANADA  . Walter  P.  Downs.  Ltd.,  2313  St.  Cathorine  St.  W.  Montreal.  Quebec. 


A  Precision  Crystal 

Secondary 

FREQUENCY  STANDARD 

THAT  HAS  BEEN 
"Designed  for  Application" 

A  precision  frequency  standard  capabie  of 
being  adjusted  to  WWV  or  some  other 
primary  standard  and  putting  out  uniformiy 
accurate  caiibrating  signals  with  10.  25.  100, 
1000  KC  intervals.  Uses  the  new  GENERAL 
ELECTRIC  No.  18A  1000  KC  crystal  having 
a  frequency  temperature  coefficient  of  less 
than  one  cycle  /Mc/C*.  The  crystal  is  sealed 
in  Helium  in  a  standard  metal  tube  envelope. 

The  self-contained  AC  power  supply  has 
VR150-30  voltage  regulator  tube. 

In  addition  to  oscillator,  muitivibrator% 
and  harmonic  amplifier,  a  built-in  mixer 
with  phone  Jack  and  gain  control  on  panel 
is  Incorporated. 


CO 


NC 


DEN 


MASS 


Ushers  for  over  fifty 

years.  McGraw-Hill  U  uniquely  equipped  to 
offer  complete,  authoritative  direct  moil  cover¬ 
age  of  Industry's  major  markets.  Extreme 
accuracy  is  maintained  (guaranteed  to  98%) 
and  through  careful  analysis  of  morlcets, 
complete  clossification  of  companies  and  per¬ 
sonnel.  etc.,  the  widest  possible  selections 
are  ovoilable.  Send  for  handy  reference 
folder,  "Hundreds  of  Thousands  of  Reasons 
Why"  which  describes  how  McGraw-Hill  Lists 
are  built  and  mainloined. 

What  Raid*  Do  Yea  Want  to  Rnaeh? 

Aviation 

Bus  *  Electric  RaUwoys 
Civil  Engineering  and  Construction 
Coal  Mining 
Electrical  Construction 
Electrical  Industry 
Food  Industries 
Metol  Mining 
Metal  Working  Industries 
Process  Industries 
Textile  Industries 
Administrative  Executives 
Electrical  Dealers  &  Wholesalers 
Mill  Supply  Houses 
Power  Services 
Product  Engineering  &  Design 
Production  and  Maintenance 
Radio  Dealers  &  Wholesalers 
Radio  Engineering  and  Design 

For  further  details,  selections  from 
above  basic  classifications,  counts, 
prices,  etc.,  or  estimates  on  special  lists 
.  .  .  ask  any  representative  or  write  to 

Conplets  Lists  Ceverins  InSsstry’s  Major  Markets 


Portable  Potential  Trans¬ 
former 


A  NEW  PORTABLE  potential  trans¬ 
former,  model  PV-130,  for  use  with 
portable  instruments  and  recorders  is 
announced  by  Westinghouse  Electric 
and  Manufacturing  Company,  East 
Pittsburgh,  Pa.  The  instrument  can 
be  had  for  input  voltages  between  230 


reproduction  and  practically  eliminates 
record  wear.  New  type  cartridge  bear¬ 
ing  seats  permit  easy  up  and  down 
motion  of  moving  system  to  overcome 
“pinch”  effect  and  follow  record 
grooves  correctly.  Model  97AN  “Hi-Lo” 
pickup,  complete  with  permanent 
sapphire  point  needle  lists  at  $6,50. 
Model  97 A  which  is  the  same  as  97 AN 
without  the  needle  lists  at  $5.5U. 


Light  weight,  an  offset  head,  low  cost, 
and  an  output  of  1.4  volt  at  1000  cps, 
are  some  of  the  features  of  a  new 
crystal  pickup  made  by  Shure  Brothers, 
225  W.  Huron  Street,  Chicago,  Ill.  The 
unit  weighs  one  ounce  which  improves 


Crystal  Pickup 


Sanding  Device 

A  USEFUL  TOOL  for  experimental  and 
production  shops  is  a  Bandsander  be> 
ing  manufactured  by  Mead  Specialties 
Co.,  15  South  Market  Street,  Chicago, 
Ill.  It  is  a  compact,  motor  driven  de- 
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PROFESSIONAL 

SERVICES 


(Haiti  m  Apfiieatitn) 


JOHN  C.  BATCHELOR 


INDUSTRIAL  PHTSICISTS-ENGINEERS 

Specialists  in  industrial,  technical  and 
marketing  investigations  tor  manufac¬ 
turers  and  bankers,  on  products  being 
considered  for  production  and  financing. 

100  E.  42nd  Street  New  York  City 


1.  945  pages  of  carefully  selected, 
accurate  data— charts,  tables,  circuits, 
diagrams,  formulas. 

3.  Covering  all  the  most  needed  sub¬ 
jects  for  engineers,  from  fundamentals 
to  specialized  applications. 

3.  Every  section  prepared  by  one  or 
more  specialists,  to  assure  you  depend¬ 
able,  expert  answers  to  your  problems 
in  design  and  practice. 


DUDLEY  B.  CLARK 


Consulting  Engineer 

Industrial  Tube  and  Circuit  Design. 
Electronics  as  applied  to  Metal  and  Cbemiral 
Industrie!). 

Research  Laboratories  and  Shops 
FmIiii  Springs  Ual 


vice  which  can  be  used  for  sanding  and 
polishing  wood,  metal,  and  plastic  ma¬ 
terials.  It  operates  at  about  1750 
rpm.  The  table  may  be  tilted  from  the 
horizontal  position  to  a  45-degree  angle 
with  the  band  thus  permitting  a  wide 
range  of  beveling. 


f  Just  Out  ■» 

Enlarged,  Up*to>date,  3rd  Edition 


ELECTRICAL  TESTING 
LABORATORIES 

Charactorlstics 
of  Vacuum  Tubes 

Tests  of  photo  cells,  glow  lami>s,  crater  lamps. 
Tests  of  electronics  and  optical  detioes 
East  End  Avenue  and  79th  Street 
New  York,  N.  Y. 

Phone,  Butterfield  8-9600 


Hearing  Aid  Battery 

A  NEW  LIQUID  TYPE,  rechargeable  bat¬ 
tery  for  hearing  aid  users  is  being 
featured  by  the  Koehler  Manufactur¬ 
ing  Co.,  Marlboro,  Mass.  The  case,  a 
light  weight  (acid  resisting,  transpar¬ 
ent  Monsanto  Lustron  plastic  is  molded 
by  the  American  Insulator  Co.,  New 
Freedom,  Pa. 


Here  is  a  book 
that  gives  the 
radio  engineering 
profession  its  own 
handbook,  compar¬ 
able  to  the  standard 
handbooks  available 
in  other  fields  of 
engineering.  It  con¬ 
veniently  presents  a 
great  deal  of  constantly  needed  reference 
material  covering  all  fields  and  aspects 
of  radio  engineering — concise,  dependable, 
arranged  in  easy-to-gct-at  form.  To  meet 
the  greatest  and  most  lasting  needs  in 
sucli  a  rapidly  developing  field  as  radio, 
material  has  been  chosen  carefully  for  its 
importance  to  the  practicing  engineer. 
With  the  deletion  of  obsolete  material 
and  addition  of  material  on  important 
new  developments,  this  new  third  edition 
brings  you: — 

•  new  data  on  crystal  control  circuits,  ultra- 
high  frequency  apparatus,  modulation  systems, 
audio-frequency  transformer  design,  vibrator 
power  supply,  long-line  oscillators,  etc. 

•  completely  rewritten  sections  on  aircraft 
radio,  television,  detection,  loud  speakers,  fac¬ 
simile,  oscillators,  etc. 

e  revision  throughout  to  make  the  book  as 
useful  as  possible  in  modern  practice. 

FOR  10  DAYS'  FREE  EXAMINATION 
i . mall  fkis  eeupoa . 

•  MeGRAW-HILL  BOOK  CO..  INC.  ! 

I  330  W.  42nd  St..  N.  Y.  C.  I 

;  Send  me  Henney’s  Radio  Binslneering  Handbook  ! 
•  for  10  days'  examination  on  approval.  In  10  days  ! 

■  I  wUi  send  you  $5.00  plus  few  cents  postage  or  J 

!  return  book  postpaid.  (We  pay  postage  on  orders  ; 
;  accompanied  by  remittance.)  ! 


fraparad  by  23 
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KEITH  HENNEY 
Cdlfor-la-Cklaf 


Special  Instruments,  Kquipment  and  Methods  to 
control  gauging,  welding,  communications,  signal¬ 
ing.  safety.  Inspection,  color  and  testing. 

Quality  control  and  cost  reduction  for  mechanical, 
electrical,  metallurgical  and  chemical  industries. 
Rockefeller  Center  New  York  City 

Telephone:  Circle  6-8494 


HAROLD  J.  McCreary 

Mem.  A.I.E.E.  A  W.S.E. 

Consniflug  Cnginaar 

Laboratory  Facilities 
Research  Klectronics 

Development  Television 

Design  Radio 

Factory  Practice  Railroad  Signaling 

Patent  Studies  Telephony 

105  W.  Adams  8t.  Phone  State  40J3  Chicago.  HI. 


JOSEPH  RAZEK,  PH.D. 

Consulting  Physicist 

Electrical  and  Mechanical  Engineering  Problems 
Instruments  and  Control  Devices  Electronics 

Specialist  in  Colorimetry,  Spectrophotometry  and 
Industrial  Color  Control 
Laboratory  and  Shop  Facilities 
430  Grevmview  Lane  LJanerrh,  Pa. 


F.  H.  SHEPARD,  JR. 

CONSULTING  ENGINEER 
ELECTRONIC  APPLICATIONS 
Specialising  In: 

IndiLstrial  Control  Siieclal  Amplifier  Design 

FoUow-Up  Devices  Photoelectric  Applications 
Radio  and  Carrier  Operated  Remote  Control 
6167  Cedar  Ave.,  Merchantvilie,  N.  J. 
Telephone  Merchantvilie  1111 


Record  Preservative 

“Slik”,  A  LIQUID  PREPARATION  for  pre¬ 
serving  professional  and  home  record¬ 
ing  discs  is  being  sold  by  the  National 
Recording  Supply  Co.,  Hollywood,  Cal. 
It  minimizes  surface  noise  on  acetate 
or  nitro  cellulose  blanks  by  reducing 
the  cutting  point  friction  thus  length¬ 
ening  the  life  of  needles. 


Professional  Assistance  .  .  . 

in  solving!  your  most  difficult  prob¬ 
lems  in  the  specialized  field  of  elec¬ 
tronic  devices  is  offered  by  con¬ 
sultants  whose  cards  appear  on  this 
page. 


Name  . 

Addnso:  . 

City  and  State . 

Position  . 

Company  . L.  8-41 

iBooks  sent  on  approval  in  U.  S.  and  Canada  only.) 
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tORStlBt  Output  Voltaiij 
,115  VOLTS  ±%% 


than  10,000  amperes  affords  protection 


SPEED  UP 

Production  Testing 

BROADEN 

Laboratory  Facilities 


MODEL  670 

A.C.  AMMETER 

plus  New  Current  Transformer 

Model  670  is  a  Handy,  Compact,  Easily  Port- 
abls  little  tester  with  wide  uses  in  countless 
iields.  Seli-contained  current  transformer  per¬ 
mits  measurements  on  these  ranges:  0-1;  0-2,5; 
0-5;  0-10;  0-25.  AC  Amperes.  (For  use  on  60 
cycles.)  Large  SV'r-inch  Meter  carries  RED 
DOT  Lifetime  Guarantee. 
Red  Molded  Case  with 
iTory  Panel.  .  .  .  DEALER 
NET  . $9.90 


Model  125-T  Transformer  can  be  used  with  Model  670  or  with  ony  5 
Amp.  instrument  to  giee  a  full  complement  of  ranges  (Six  in  all;  the 
maximum  250  Amperes  with  one  primary  turn  through  the  center  open¬ 
ing.  Others  are  2.5,  10,  25.  50  and  125  Amperes  at  the  binding  post 
terminals),  for  commerciol  current  measurements.  Dealer  Net.. $23.34. 
Model  lOO-T  Donut  Transformers  proyide  three  ranges  in  use  with 
Model  670  or  any  5  Amp.  meter .. Dealer  Net.. $12.66. 

Write  for  Catalog— 239  HARMON  AVENUE 


TRIPLETT  ELECTRICAL  INSTRUM 


Compact  Converter 

A  NEW  CONVERTER,  built  for  high 
efficiency,  quiet  operation  and  long  life 
is  announced  by  the  Eicor  Co.,  1060  W. 
Adams  St.,  Chicago.  This  unit  converts 
direct  current  to  alternating  current 
for  use  with  amplifiers,  projectors, 
phonographs,  medical  equipment, 
musical  instruments,  and  similar  appli¬ 
cations.  Available  for  6,  12,  32,  115,  230 
volts  or  other  standard  d-c  input,  the 
converter  has  a  standard  a-c  output. 
All  the  units  are  equipped  with  ball 
bearings  and  may  be  had  with  or  with¬ 
out  a  filter. 

Signal  Arrestor 

The  RV  Autovalve  arrestor  is  an 
improved  single  pole  unit  designed  for 
protecting  low  voltage,  low  energy  sys¬ 
tems  against  insulation  breakdown 
and  apparatus  failures.  The  internal 
elements  consist  of  a  porous  block 
with  a  series  gap  formed  by  a  mica 
spacer  separating  two  metal  electrodes. 


The  Presto  Recording  Corp.,  242 1 
West  65th  Street,  New  York,  announces 
a  new  high  quality  sound  recording 
blank  using  a  plate  glass  base.  The 
disc  is  0.104  inch  thick,  and  has  two 
center  holes,  one  for  the  turntable 
shaft  and  the  other  for  the  cutting 
mechanism  drive  pin.  Each  hole  is 
bushed  with  a  brass  eyelet  to  insure  a 
snug  fit  over  the  turntable  shaft  and 
to  prevent  chipping  due  to  careless 
handling.  The  glass  base  discs  come  in 
12-inch  and  16-inch  sizes  only.  The 
same  firm  also  announces  an  aluminum 
disc  recoating  service  to  radio  stations 
and  recording  studios  that  have  used  | 
aluminum  base  discs  on  hand.  This  I 


When  •  precision  electrical  device  or  a  critical  process  is  powered  from 
an  AC  line,  a  Raytheon  Voltage  Stabilizer  will  permanently  eliminate 
all  of  the  detrimental  effects  caused  by  AC  line  voltage  fluctuations. 
Made  for  all  commercial  voltages  and  frequencies,  single  or  three  phase. 


Raytheon's  twelve  years  of  experience  in  successfully  applying  the 
Stabilizer  to  hundreds  of  perplexing  voltage  fluctuation  problems  is  at 
your  service.  It  will  pay  you  to  take  advantage  of  our  engineering  shill. 

Write  for  Bulletin  DL48-71  JE  describing  Raytheon  Stabilizers. 


Glass  Base  Recording  Disc 


INSTANTANEOUS  ACTION 


The  60  cps  arrestor  breakdown  is  800 
volts  rms,  permitting  signal  circuits 
to  be  tested  with  a  500-volt  megger. 
The  impulse  breakdown  is  2200  volts 


peated  discharges  do  not  impair  the 
arrestor’s  characteristics. 


NO  MOVING  PARTS 


.service  takes  about  ten  days,  ^d  the 
charges  for  recoating  are  considerably 
less  than  the  prices  formerly  charged 
for  new  aluminum  discs. 


RAYTHEON  MANUFACTURING  CO. 

SOO  Willow  Street,  WALTHAM,  Massachueetts 
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Cardioid  Microphone 

The  desirable  features  of  the  dy¬ 
namic  and  the  velocity  microphones  are 
combined  in  an  instrument  recently  an¬ 
nounced  by  the  Turner  Company,  Cedar 
Rapids,  Iowa.  Two  elements  are  used; 
one  has  a  response  pattern  shaped 
like  a  hgrure  eight,  and  the  other  is  in 
the  form  of  a  circle.  The  combination 
of  the  two  gives  a  response  pattern 
shaped  like  a  cardioid.  This  makes  the 
instrument  very  sensitive  to  sounds 
originating  in  front  of  it,  and  insensi¬ 
tive  to  sounds  originating  to  the  rear 
of  the  microphone. 

Model  IBR,  a  radial  intercommuni¬ 
cator  booster  speaker,  designed  for  use 
where  a  radial  speaker  of  high  effi- 


FAMOUS 

for  years  .  .  . 


for  thoir  uniform  occuroqf 
•nd  groat  itrongth  .  .  . 
for  Hio  uniquo  tolf-lockino 
foaturo  on  tho  "Unbrako" 


_  _ _ 'Unbrako" 

Hollow  Sot  Scrow  with  tho 
Knurlod  Points  ...  for  tho 
Sockot  Hoad  Cap  Scrow 
with  tho  Knurlod  Hoad 
that  goart  right  to  tho 
fingors  and  tavos  auom- 
bling  timo. 

"Unbrako"  Products  aro 
avallablo  in  a  comploto 
rango  of  tizat  from  num- 
bor  4  up.  For  froo  Mmplot 
and  litoraturo,  writo  today. 


SCREW 

PRODUCTS 


Standard  Pressed  Steel  Co. 

lox  59«.  JENKINTOWN,  PENNA. 


WAXES  •  COMPOUNDS  for 

ELECTRICAL  INSULATION 


Zophar  offors  prompt  sorvico  on  Insulating  Compounds  for 
a  wida  variaty  of  alactrical  applications,  including: 

.  .  .  insulation  for  CONDENSERS.  TRANSFORMERS,  COILS,  powar 
packs,  pot  hoads,  sockots,  wiring  davicot,  wot  and  dry  battorioi,  ate. 
Also  WAX  SATURATORS  for  braidad  wiro  and  tapo.  WAXES  for 
radio  parts. 

Spoclal  compounds  mado  to  your  ordor. 


ciency  and  compact  size  is  required, 
is  another  product  of  the  same  com¬ 
pany.  Complete  with  built  in  pm  sealed 
driver  unit,  the  IBR  is  waterproof  for 
outdoor  installations.  The  bell  diame¬ 
ter  is  8  inches,  the  height  is  9  inches, 
the  impedance  is  8  ohms,  and  the 
power  capacity  is  10  watts. 


ZOPHAR  mills  INC 


Brooklyn,  N.  Y. 

POUNDED  1146 


Searchlight  Section 

OPPORTUNITIES 


EQUIPMENT-.USED  or  RESALE 


BUSINESS 


INFORMATION:  DISPLAYED— RATE  PER  INCH: 

BOX  NUMBERS  in  care  of  any  of  our  New  The  advertising  rate  is  S6.00  per  inch  for  all 

York,  Chicago  or  San  Francisco  offices  count  advertising  appearing  on  other  than  a  coji- 

10  words  additional  in  undisplayed  ads.  tract  basis.  Contract  rates  quoted  on  request. 

DISCOUNT  of  10%  if  full  payment  is  rnade  in  AN  ADVERTISING  INCH  is  measured  inch 

advance  for  four  consecutive  insertions  of  vertically  on  one  column,  3  columns — 30  inches 

undisplayed  ads  (not  including  (xoposals).  — to  a  page.  E 

NEW  ADVERTISEMENTS  received  by  10  A.  M.  Auguti  25th  will  appear  In  the  September  issue,  sub/ect  to  limitations  of  spoce  avoiiabie. 


UNDISPLAYED  RATE: 

10  cents  a  word,  minimum  charge  $2.00. 

(See  ^  on  Box  Numbers.) 

POSITIONS  WANTED  (^full  or  part-time 
salaried  employment  only),  1/2  above  rates. 

PROPOSALS.  50  cents  a  line  an  insertion. 


POSITION  VACANT 


LARGE  MIDWESTERN  radio  receiver  manu¬ 
facturer  has  openings  for  experienced  auto¬ 
motive  and  household  radio  receiver  design 
engineers.  Applicants  should  state  education, 
experience  and  give  references.  Our  own  em¬ 
ployees  know  of  this  ad.  P-270,  Electronics, 
520  N.  Michigan  Ave.,  Chicago,  Ill. 


POSITION  WANTED 

B.S.E.E.,  communications,  seeks  part-time 
(graduate  student  (Columbia)  employment 
Junior  engineer.  New  York  metropolitan  area. 
First  class  radiotelephone  license.  PW-290. 
Electronics,  3S0  W.  42nd  St.,  New  York,  N.  Y. 


METERS 


New  Weston  model  151’s,  0-12SV  AC  flush  type. 

$10.00  each 

New  Weston  456’s.  two  meters  in  one  flush  type 
ease,  each  meter  has  two  dUTerentlal  coils  on 

bobbin  5-0-5  ma.  Res.  9  ohms . $15.00 

Write  for  list  of  other  meters  and  laboratory  parts. 

ELECTRONIC  PRODUCTS  CO. 


St.  Chfwles,  III. 


IIMMHMMINtt 


DEPENDABLE 

UmkI 

ELECTRONIC  TUBE  EQUIPMENT 

Complete  line  of  used  equipment  for  the  manufac¬ 
ture  of  Radio  Tubes,  Neon  Tubes,  Incandeecent 
Lamps,  etc.  Write  for  Bulletin  showing  25  to  75% 
savings. 

CALUTE  TITNOSTEN  CORPORATION 
formsriy  Eisler  Elsctiie  Cerp. 

S34  39th  «rset.  Union  City.  N.  J. 


seMWWiWIINIWWl* 


HIGH  GRADE  USED 

ELECTRON  TUBE  MACHINERY 


Huge  Stock  of  Every  Type  and  Variety 
KAHLE  ENGINEERING  CORPOR.4TION 
Specialists  in  Equipment  for  the  manufacture  of 
Neon  Tubes.  Radio  Tubes,  Incandescent  Lamps. 
Photo  <>lls.  X-ray  Tubes,  etc. 

900  DeiMott  8t..  North  Bergen,  N.  J. 


I  . — — —  . 

I  Signal  Corps  type  Telephone  plugs.  $S5.00  per  1 
I  hundred.  | 

I  Slgnsl  Corps  type  oord  plugs  sad  Jacks,  per  set  45c.  | 
1  WE  decade  resistors,  sssorted  values  from  10  | 
=  ohms  to  7500  ohms.  $5.00  per  hundred.  Write  for  i 

:  list  of  other  parts  at  money  saring  iirioes.  i 

ELECTRONIC  PRODUCTS  CO. 


St.  Chariot.  III. 


If 


this  and  other  advertising  I 
in  this  or  any  issue  of  i 
ELECTRONICS^  does  not  | 
furnish  all  the  infortna-  { 
tion  you  wish,  of  prod-  j 
ucts  or  services  —  wanted  | 
or  available — please  write:  I 


ELECTRONICS 
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